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This paper examines ways in which hardware and
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new kind of growth environment for classrooms and learning
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productive learning. Models that do not involve teachers, other
educators, and students in slow growth will probably not work. It is
best to start where users now are, and introduce formative evaluation
as a fundamental aspect of implementation. Eight specific
recommendations are given for increasing computer use in schools.
Three recommendations dealing with the purpose~ and methods of
testing in the schools are: (1) greatly increase the frequency and
variety of help services compared to high-stakes assessments, but
balance the two; (2) greatly increase the frequency of formative
evaluation, and provide funding and incentives to use the evaluation
data for ongoing improvement of educational programs; and (3)
increase the use of alternate methods of assessment (i.e., that
require human judgment and that measure more complex, integrated, and
strategic objectives.) Three recommendations dealing with the new
infrastructure for Computerized Educational Assessment (CER) are: (4)
foster new item types and uses of portable answer media in order to
utilize the current testing infrastructure more creatively; (5)
encourage the development of a localized infrastructure of Integrated
Learning and Assessment Systewms, and the coordinated evolution of
m~entral sites for development of help systems and tests, and for
research and development; and (6) encourage the professional
development of teachers and other professionals who are knowledgeable
and skilled about both the human judgment and the technical aspects
of CEA, and are skilled at integrating assessment with instruction.

Recommendations dealing with policy are:

(7) federal and state policy




should both provide research and development funds and stimulate
private sector investment in improving technology-based assessment
practices; and (8) high professional testing standards must be
maintained and must continue to evolve for CEA systems, Eight tables
present study data, and two illustrative figures are included.
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EXECUTIVE SUMMARY

l‘hispaperwascommisdonedbytheomeeofTechnologAnesment (OTA) of the U.S. Congress
in August 1980 as a part of a myjor review of educational assessment. Of several commissioned projects,

mmmmmmmmmmmﬁﬂmwmmmm
problem-solving processes. Thaaeproeeuesarevitaltoaciﬁunrywhomusteompeteinaninaeuingly
eompkutecbnologicdenvirmmmt.andinanintemelyeompetiﬁvewoﬂd. Furthermore, as a senator and

whomcmmagedthkuudyukeddomtcmentmu(whkh&emmqyemphadzeminhnum
competencies rather than complex thinking) exert an undue influence on what we teach and how we teach

The Statement of Work required that thia general problem area be approached through a two-fold
ambdm(l)Cmthmehwmpututwhmbymmﬂybeingmdfwtbeammmtofthe
various objectives of assessment? (Considerthebeneﬁtsandlimitatiomofeachofthetechnologies
currently being used.; (2)MmUaemLookingahead.whatemezgingsoﬁwaremdhardware
Mmmmumﬁmsfwdmﬁmmgmwm&ngmﬁngmahods
of assessment and through generating completely new ones?

The two most extensive of the four sections of this paper, sections II and III, meet these
mﬁmmudmmamkfwmbﬂdmtprmmmmm In
addition, Section I sets the stage and Section IV presents a summary, conclusions and recommendations.

FINDINGS: THE ACTUAL AND THE POTENTIAL

Edmﬁmdmmmmﬁmaybeadmhk&reduﬁngdthermrhblemermediaorhhrwﬁve
testing stations. Portable answer media include answer sheets, readable on optical scanniug equipment,
mpwmbhkeypadsmbamderudmwhichfadﬁtatethemtryofaletteroranumber. Current practice
is dominated by the use of printed tests with scannable answer cheets.

ized Administration: When computers are used to administer a test, we lose portability
andmminmnommneﬁzedmkmﬁmsmspedddmuhﬁmdwmmummmgmmmmt
center, PMMMMMMMMWthmmmforMMn
of educational measures at temporary locations.

Comptnerlmaybeusedhaqyofmeralprocesseeduringthe life cycle of an educational
measurement instrument. They may be used to aid in:

1. design and development of measurement instruments;

2. distribution of measurement instruments to testing'locations;

3. administration of the measurement instruments; and,

4. analysis and record-keeping after administration.
Computerumnimprwemdmntrmsfomanyoftheseprwems,buttheemphaxisinthispaperison
the processes of administration. When the measurements are administered by computer, it is likely that
computers are used extensively in the development, distribution, and later analyses as well.

A model for technology diffusion used by OTA distinguishes three levels of penetration of a new
technology. .

1) Substitutive

2) Incremental

3) Transformational
These three levels provide a useful framework to report the findings. Computer administration may be
used as a substitute for conventional test administration, which uses scannable answer sheets, printed test
booklets, and occasionally, adjunct audio and visual media or objects which the test-taker manipulates.

Testing has not aiways been dominated by printed, group-administered formats made up of a
goodly number of short items. Albert Binet's pioneering intelligence test developed early in this century
was individually administered. It provided the test-taker with a variety of standardized tasks that could
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be answered vocally, or through a physical performance. Many useful clinical tests today are individually
administered, human-judged tasks. 'I'heArnvAlpha,anintelligeneemtusedtomenremﬂts,
theﬁrnwmeopreadunofmadminhteredpapuandpemﬂteumdsﬁngofmulﬁph

choice items. Smhudamwholhobjwﬁve-ﬂmigtheydonotreqtﬁrementmmejudmof

decisions based on the scotes and other information. By contrast with this costly procedure, group-
administered paper and pencil tests provided simple scoring rules. The number of correct items is typically
mmmedandasimplemrktgformuhisappliedtoeorrectforguee@g.

Subetitutive Uses of Computers
Itiapalapenotswpﬁﬁngmatthemmentusesofmmpumhedumﬁmalmmmmentm
Mmmfmmmmimmmmmmﬁmmmmndmm
thepapuandpencﬂtuhreprumtthedomhnntfomatforedmﬁmﬂmmumment Substitutive
ofmmputmtakeawaythemwersheetmdtestbookletandpresenttheitemaonm
elechmicwmputudisphy,reeeivhgthempcm&omakeybmrdorpohﬁngdwioe. These
substitutive tests use the same kind of scoring rules used in the paper versions.
mmdmhmw,pmmmmmmmmmmd
adouuﬁnkofmhievemmtmwinstnmﬁondmduleqbothinﬁmeandinmm Even when
&omthahshnnﬁmuupampr&mdpmwsumadeupofmbalitemgtheintegmﬁon
with instruction is much tighter. Whendelivmdbythesameinberacﬁveeomputeuystemusedtoprovide
instrmtion,hintsandhelpefoﬂowingtatingeanbegivenatthemomentofinterestandofneed.

Weakneases of Conventional Tests. Unfortunately, the wholly substitutive use of computers cannot
transcend the neasurement Hmitations of the original paper and pencil tests, nor will it eliminate the
myﬁvemnquemufeompmhedwaumsﬁnadmhhmeduupummmmﬁv&iumt
integrated with instructior. Item tests have been criticized for measuring shallow factual verbal knowledge
mdbdnghueﬁ'ecﬁveatmeumhghkmﬂmmpniuﬁmsyntheﬁgpmbl&mmmm
creativity, motivation, persistence, e'c. More damaging, when such tests are imposed as measures of
minimum competencies in reading and math and schools are held accountable for bringing up scores on
item tests, they become the focus of instruction. Boring drills to prepare for the tests may monopolize the
ﬁmthntwouldbegiventoinherentlymoreintereaﬁngsubjectaandwthinking,problemsolving,
producing, ete.

Incremental Improvements Over Substitutive Computer Tests
Several incremental improvements over computerized conventional tests are currently inuse. The
two most widely used systems are called computer adaptive and compute~ized mastery tes.s. Unlike the
conventional tests that give a fixed number of items in a fixed order (like the paper tests
theymbsﬁtmefor)theinaementalimpmementachangetheoequemeandthenumberofitems
o These tests also use conventional items, but in an adaptive test, ee~h new item is selected
dependincuponhowthestudentisdoing.withmoreablestudentagetﬁngmorediﬁmﬂtitemsandleas
able students getting easier items. Computerized mastery tests administer a series of item clusters,
stoppingwhenadeddonhubemreachedaboutwhetherthetesttakeriaaboveorbelowsomepre-
established cut score. Both take far less time for more accurate measurement.

Other incremental improvements aim to derive more information of a diagnostic nature out of the
student’s responses to the items. These systems combine cognitive analysis with measurement in a
promising way, but are highly experimental.

Improved display and response piocessing offer many incremental advances. Computer graphi-s,
color, animation, video and audio add interest and realism to the item types possible in computerized
measurement.

Transformational Uses A

As the OTA statement of work suggests, there are transformational possibilities inherent in the
new interactive computer technologies and multi-media display capabilities. Not only can items currently
transcend the limited verbal representation on the printed page through multi-sensory presentation, but




medeﬁMthndmﬁemuan\&kbadmhhtemdenbemplmedbysmMzedpeﬁomme
uahofhngerdmaﬁmwhhhrequh‘edgniﬁmnmmomhtegratedpmeesing. These complex and
huwﬁvehhmhmududmuh&mammmum-ﬁkehbmmmm
mmm,mmmmmhmwamsmﬁummwdm Such highly
htegraudmdmphnllydemandingush,whmundhmt,mmﬂybehbdhdu
transformational. Unfommutely,nmhtuhmnotyethuvingmmhhnpacthedtmﬁmdmt
mmmcmmmmm@mwm They can be acored holistically by
hmmmmmmfammwwmwmmmmg
their reliability and validity of such scores has 110t been developed. The infrastructure for developing,
distributing, and interpreting them is not in place.
mamthupotmﬁallyhand'mmnﬁonduuofmmputertechmloyhmmt.studenum
pmidedwi&mwmwohfmdedph&devdopingmdprodudng’uhibiw:wmtmdwmmu,
pruentaﬁmmterhls,petformamemipuorphm,orotherprodmtaofm.ind Softwareprodwhv:ty

objectives that deal with creative production. In portfolio assessment methods, students use portfolios to
mmemekmntduhmmmhmmwmgummewdmtdm&m
exhibits. sdemmmmmwmmﬁmmmmmem
tbuyprwideametraﬁngmethodtoam;mguweﬂupmdm Using holistic assessment based
mhmnjudumhtheMuandWsundimhtemediateprodmﬂandmmﬁderthe
iuuuofmawgyandtactimlmdingtotheprcdmﬁmofapoﬂshedﬁndpmdtm An exciting prospect
fwthehﬁmhthtﬁudmtmpmusmnbemdedwhﬂetheymuﬁngwmmﬁudeﬁgnmd
production tools. Future intelligent software can be used to provide hints and helps to improve strategy
and tactics at the moment of need.

Another transformational possibility is that the use of productivity software tools may be
mmudthrwghwhrgedatahamofimages.mdioandtext. Software for searching such data
bases can be used in the production of student exhibits. - These potential transformational uses of
mmpmﬂmgnmmgmommhmhthemhmhuapandhsmﬁonhwﬁﬁngmdothermbjmbut
have not yet been formalized as a new assessment method.

Transformation of Whole Systems. Potentially the most powerful of transformational possibilities
mhmnththeﬁwofwmmmdedmﬁondmmtﬁuhumsformingthemhﬁmampof
assessment to instruction and to instructional management. Educational measurement has been viewed
as an activity separate from instruction. It precedes an educational sequence or follows it, but is left up
to the teachers to prepere and use their own measures during an educational sequence. The patterns
wwhusmaybokwhmhngtmthehmmmmmmtmuumenuemphadzejndgingmdyading
rather than helping and guiding. In its most visible embodiments, centrally prepared other than teacher-
prepared.Edmaﬁomlemementisviewedwithfearanddisﬁke,andianotaeenasintegmltothe
processes of learning and teaching. ‘

Printed materials that integrate assessment with instruction and can aid in instructional
mnagemmtmpoaﬁﬂqandwmhavebeendwdopeibutmmpuwbawdsystemthatmmm
instruction, educational measurement, and management offer a major transformational step beyond these.
Such systems can transform the roles of educators and their effectiveness. Their roles as decision-makers
can be enhanced by supplying them with continuous and up-to-date information to guide their
interpretations and decisions. Students can become active problem-solvers, strategists, and producers
rather than passive recorders and regurgitators.

Help Systems Versus High-Stakes Tests. A computerized ussessment system that is fully
integrated with instruction and is never used for grading or high-sta'ses accountability is called a "help
system." It is distinguished at some length from a high-stakes test in Section I Ifit is true that the nation
needs to use more achool time for progress and growth, and less for grading, judging and measuring
minimums, then help systems which integrate assessment and instru ition (and are never used for grading
either the students or the teachers) offer a promising alternative.

Despite slow progress toward transformational and even incremental forms of computerized
assessm:'nt, the message of this report is positive and hopeful - that Computerized Educational
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Assessment (CEA) oﬂ‘emgreatpotentinlfortheamentofindividua!hameu. for the evalustion of
edmﬁmﬂproymmdfw&e&andmﬁmdprofeedonﬂrdamdprmtbuofedtMm

Educational Messurement Infrastructure

mmmmmﬁmmdmmwwmmtofmkis:'ﬂwmmﬁndypowﬂﬁﬂ
hardmmdmwemﬁaﬁmbhoﬁmbemnhaﬂedfweﬁwﬁveedmﬂonﬂmt?Tom
mmmmdmwmmmmmmmmumm Two aspects
dmmwmmmdmmmmmmmmmhmm The
infrastructure of the current system is centralized. Inrgaeomputerfacilitiuwithpaperpmoeuing
equipment are at the center. Mfadiﬁummgedbymﬁngeompmiu,nateedmﬁmam
undinmemprofeuimﬂupninthmwhomtforﬂeendngmdvmﬁﬁuﬁm There iz a human
h&mmdpaﬂ-ﬁmtutadmhh&mﬂwhrgemﬁmdmﬁngwgmiuﬁmsmlbmdeupof
mmmmmm 'l‘heyuseborrowedorleuedfacilitiesforafewhotmto
administer the tests under controlled conditions. Unfortunately, taere is no permanent physical location
fmmdmt(mmthmmwmwm)mdm&ﬁmd
mzmwmmmwamemtmnmmmmmmm
processes of school children. Bymofeonhmt.eoﬂeguandmmhighechoohhaveadmiﬁmnomeu
mdgddnmoﬁeuwhkhhtupﬁedmﬁonﬂmmm&hmkeadmiﬁmdeﬁsiommd
plaeementdeciainnl,andtnprovide(gnidameandeoumelling~

SmmmhMmmfwdmﬁmﬂmmmtthphce,thequesﬁon
aﬁmuwwhethuﬁunbemitaﬁndw&hahmdmiwmtypumdmmemodsmntmprhted
and scanned answer sheets mqre crentively. 'I'hispawroporuonexdﬁngnewprinteditemtyputhat

Am;rwmhmdedhthewhooh.emﬁsﬁngofmmkedmwmmkmﬁw&h
order to obtain the transformational benefita of computer uses in assessment. This equipment is necessary
toMWMWMMmMMMMMmMmm
proeeumemnrudwingtoolmeinthaprodwtionofstudentexhibita. In addition to capitalizing and
insmningthetechndoybue.anewhmnwlentbanmustbedeveloped. Such a new local
infrastructure is being instalied in the schools even now. There are two kinds of systems being installed:
Wmdm:nhgsmals)mdnetwwkedeomputuhbsfortodm. The dominant mode now
wdvhgumardaﬁwlymwaﬁﬂmemmmmwhhhrpmwmmempdtyfwm
and for record-keeping. These systems may be used for computer-aided instruction; they may also be used
as labs for productivity tool use. The integrated learning systems come closest to the environment
fmhthhpapauprov’dingmhﬁammfmthedcﬁvmofmpumhededmﬁmd
assessments integrated with instruction. The recommended system is referred to in this paper as an
Integrated Learning and Assessment System (ILAS). This is a concept, not a particular product. It is an
wduﬁmnyhnprovemmtomthemupmdlnmthyatemma)mdthecomputerhhsMMW
constitute an important growth industry in education.

assessment, instruction, and records management, the ILAS offers the most

profound transformational opportunity of the computer. It provides an environment where sensitive and
mmmmngmmenm”mdmmmnmmmmmmmm
tandinntmctiongldecisionmahng These decisions are also enhanced by the properties

and features of the ILAS. Skmedteacher/mamgers.whomahogoodamaanddeciﬁm-mkers,mn
dcvelopptofeaaionalbmﬁmeinamtmdmhingwiththcmeofmm. This provides a
chaﬂmgingmdprmﬁngprdedmﬂmwthpa&fwtemhmhwudmmhsmemmﬂwith
national needs. hwhizvhgthhmfedmﬂpowth.tmhmmﬁngwithhwpatedmmd
AuemntSyuemawmbewﬂymmgthmedhmdreﬁomludnudmhwhighmdndsof

achievement in the complex and demanding objectives needed for success in a technologically intensive and
internationally competitive world.

RECOMMENDATIONS

ERIC 3

Full Tt Provided by ERIC.
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The eight recommendations developed as a result of the analysis of current trends and future
possibilities provide a vision and a direction. Specific details will need to be worked out state by state,
mwwmw.mmmbymmmmmmmmmm.
This industty, which has an annual volume of over $800 million, is now evolving and will continue to evolve
mdmmmmwmmmmwmmms).nwamdmmmﬁty
ammmmmmr«mmgmmmw
Thromsubcunﬁdpolkyhnpﬁmﬂmsfatheurwommdaﬁmsuwﬂfwtheyhadwmd
transformatior al innovations. In particular, the entire Integrated Learning and Assessment System (more
properly, Integrated Laarning, Assessment and Formative Evaluation Systam) that is envisioned in this
papuh&and‘mﬁonddtherdsmdwﬁﬁﬁuofedmmbothadminhmmmmdummd

administrators must become instructional leaders; interpreters of decision-orients'd data gathered from the
high-stakes assessments and formative evaluation data.

mrewmmendaﬁmnmdividedinwtwomqiwpoupqmdthmmthneremmmmdaﬁom
in each group. ﬁeﬁmmdedawlththemmuandmathodsoftuﬁnghthemhmls,mdthemad
mdwhwimuﬂdingthenudedMMfwmpumﬁzedadmmimﬁondimpmededmﬁonﬂ
measurements.

mwmmmmmmawmmm

MOMGWM&QMWMMd‘thMMb
high-stakes assessments, but balance the twn,

Recommendation T'wo: Greatly inctwse the frequency of formative evaluation, and provide funding
andhnmﬁvutomethemhnﬁmhhfmmmw{wm

' Recommendation Three: Increase the use of alternate methods of asseasinent (ie., that require
mmmummmwmmm)

Thhmcommendaﬁmhexphinedintemsofaeomeptud&ameworkmnﬁsﬁngoffovr
measurement methods and four kinds of objectives. Thc following table summarizes Recommendation
Mwhkhuﬂsfwrumhdwebpm&andimp!mhﬁmthﬂempbﬁzathemmmt

mmfwmﬁddhgbwhdgeshouﬂdbeimprwedmdenendedbeyondmﬂomghowhdge
(verball knowledge about some topic - terminology, clefinitions, classifications, simple role use) as far as
e,

Reconmendation 8: wmwfwmmom

MEASUREMENT METHOD

Item Test | Standardized




The greater the number of asterisks in a cell, the more appropriate a particular measurement
method is for the clnss of objective listed to the left. Thus, item tests are the best suited for measuring
scaffuiding objectives. In general, perfecemance tasks offer the greatest promise for measuring integration
objectives and process measures the greatest potential for measuring strategies.

Three Recommendations Dealing With the New Infrastructure for Computerized Educational Assesement
(CEA)

Becommendation Four: Foster new item types and uses of portable answer media in order to
utilize the current testing infrestructue more creatively.

Portable answer media (mainly answer sheets) should be freed from domination by the multiple
choice item type. It is now possible to develop and introduce many new item types and task types for
peper delivery in help systems as practice and feedback worksheets, and to improve testing of high-stakes
outcomes. In short: use the infrastructure that is in place to broaden the assessment options available.

Recommendations Five and Six deal with building the new technological and human infrastructure
for ~omputer-administered assessment. ,

Becommendation Five: Encourage the development of ~ localized infrastructure of Integrated
Learning and Assessment Systems, and the coordinated evolution of central sites for development of help
systems and tests, and for R&D.

Recommendation Six: Encourage the professional developmen ; of teachers and other profossionals
who are knowledgeahle and skilled about both the human judgment and the technical aspects of CE:A, and
are skilled at integrating assessment with instruction.

Recommendationg Dealing with Palicy

Recommendation Seven: Federal and state policy should both provide R&D fimds and stimulate
private sector investment in improving technology-based assessment practices.

Recommendation Eight: High professional testing standards must be maintained and must continue
to evolve for CEA systems.
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SECTION I: FRAMING THE ISSUES
BACKGBOUND: ISSUES IN MEASURFMENT AND ASSESSMENT

How is measurement viewed and used in Education vs. other occupations? What are the
differences between measurement and assessment, and the shifting social roles of each?

Contrating Views Toward Measmwrement

We scarcely notice how measurement starclards for time, quantity, distance, velocity, and money
structure our daily communications and commerce, guiding our decisions. For scientists and engineers,
measurement is an inseparable ally, used to calibrate and test equipment, quantify observations, validate
liypoiheses, theories and designs. For skilled operators of complex sys '»——s, measurement provides an
appropriate array of instrument readings indispensable to timely decision making. Busiriess decision
zakers measure the performance of their business unit, summarizing it in terms of revenue, expense, and
productivity. The quality of their strategic decisions depends on the accuracy and completeness of their
data. For professional artists and athletes it is the feedback of coaches during practice, and sccrecard

statistics that ave indispensable to improving performance. In these occupations, however, measurement
is as familiar and unobtrusive as are the common standards for the lay public. It is a totally integrated

aspect of work, eagerly sought, always essential to sound decision making.

In contrast, educat’onal measurement is less integrated and more intrusive. It has become a
coercive tool of the educational system to assure compliance in the complet’on of assignmentc and studies,
an embarrassing index of intelligence or illiteracy, a feared yatekeeper of npportunity, a weapon used by
administrators to indicate accountability and academic productivity. Teachers and administrators may
redﬂtbain&odmﬁmdmmm&buththhtheymnotwdﬂmnt&mpeophmcther
occupations. Few employees or professionals are enthusiastic about measurement when they are being
evaluated in bureaucratic settings by persons external to their work group. When measurement is
intrusive, high stakes and threatening, it is not welcome.

Is there a kind of measuremer.t system in education that wrul] evoke less resistance, dislike and
fear than the current system? Could measurement become a more integrated and helpful aspect of the
work of administrators teachers and studenta? Certainly there must be a way, and it will have to involve
& move toward more helping and less judging.

America needs a highly professional educatiocnal workforce. One indisputable mark of
professionaliam in many occupations is the ability to inlerpret measures essential to their work with
sensitivity, balance, and good judgment. Timely and appropriate information is as important for educators
as for others to support and clarify their decisions. The feedback provided by helpful measurement is not
only vital for immediate decision making, but also for improving future decisions besed on a framework
that enables one experience to be compared with another, Without clear indicators of desiced educational
objectives, educators orient their priorities toward unspoken and unwritten priorities, including those
unrelated or even inimicahle toward student learning.

New developments and technologies are vitally needed in Educational Assessment. The invisible
intellectual acquirements of students are very hard to measure, and it is even harder to do 80 in a timely
and up-to-the-minute way. The performance and productivity of an educatior.al system, - hether single
chmoom.alocaluchool,adistrht,orutate,malsohardtomeasure,especmllyunngthepaperandpenul
instruments which now predominate in measurement practice. Educational measurement experts devise
amluwmkevmbhmmbdenmmmhemtmm&pmbhmmmdthmhng In the
Mrdmemeqthemedeepbembeddedmdwhumhywthemedmmuthemmeomyuu
to measure, requiring complex instrumentation. Might it be possible to equip the clasarooms of this nation
wﬁheomm&uizedauemmth:bumta&onthatwﬂemﬂemmmemeﬂhbememehmbh
andmmbmmveallyofedtmhon? The answer this paper gives is "yee, but..”. Yes, there are great
opportunities inherent in current and future uses of computerized measurement instrumepts. But

significant R&D is needed, a new infrastructure must be put in place, and thoughtful policy development
must guide both.
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A Distincticn between Measurement and Assessment®

Taking measurements is not .ne same as performing an assessment. An assessment requires
interpretations and human judgments, while a measurersent alone does not. Consider an example from
medical practics: A pediatrician may measure very precisely the height and weight of a child, but to
interpret those measurements and take action requires an act of judgement: an assessment. There is no
unambiguous diagnosis of overweight or underweight based on the measurements alone. Other factcrs
such as age, sex, genetic factors, and health history may be even more important than the measures for
a given diagnosis and prescription. Especially valued is subtle clinical judgment based on years of
experience in interpreting the appearance, demeanor, odor and other subtle cues.

A particular assessment can be valid or invalid. Consider the sequence of activities that follow the
measurement of some set of human attributes.

meamwes —> interpretations —> decisions -> consequences

The act of measurement is neither valid nor invalid (it may be appropriate or not, or accurate or.
not), but the interpretation that follows the mvasurement may te valid or invalid. These judgments should
employ more information than is available from a single measurement, especially when the decision involves
high stakes to some person or persons. Similarly, the decision is a judgment based on the ir terpretation
and other information, and on the options available. A decision has consequences, both negative and
positive, which must be considered by the decision maker., Good tests provide statistical evidence that the
measure will predict future outcomes. Knowing this, the decisi-n maker can be more copfident that
certain positive cutcomes are more likely than negative ones. Good tests also provide published evidence
thatadecisionwillat!eanbeasfaﬁ-andeqmtableaspoeaiblewhennegaﬁvecmequenceaforaomegroup
of test-takers follow.

Aueummdevduatoummtmpetheresmnﬁbiﬁtyfmmahngmﬁdmemenubasedm
all the evidence available. Fur assessuent to be used in a more powerful manner in schools, far more
uahhgandwphisﬁcaﬁmwmbeneededupedallywhenthemesmenumhigh-staku. Evaluators
should not be permitted (or coerced by external threats) to shrug their shoulders and "let the
measurement make the decision.” ‘

Evaluating America’s Educational Needs

America’s policy makers have read a variety of measures and indicators and know that we are "a
nation at risk."?. Consider a hypothetical national scale of educational achievement. At the bottom of the
scale is a large number of eCucational drop-outs and failures. A disproportionate number are poor, or from
ethnic and cultural minority, 'l‘.;emiddlermgeofomhypoﬂmimlscaledsopmnuaghnpictm.
Thmwhommeuﬁﬂhmtarthemﬂmemnynmbemmdmtbsﬁnedwemblemmmyw
parﬁcipateeﬂecﬁvelyinaninmeaﬁngbmpeﬁtiveglobalmket. At the top of the educational
achievementscaletheaihnﬁonkpodﬁve-wpeouegeoandmiversiﬁesintheUnitedStateam'world
class”, Thefmtthatinauﬁngnumbersoffwﬂtymdgmdmteemfweigmbommbehkenum
indicationthatAmerica’nmndidatesforhighcredmtionarecompetiﬁve,butitisalsomindicationthat
our universities are sought out by tha best minds in all nations.

The terms Bducational Measurement and Educational Assessment are defined
more formally in other publicaticns. In educational publications, the term
assessment has a variety of uses. The emphasis in thie paper is on making valid
interpretations and decisions for action from measurement. The concept of
validity involves both the interpretations and the consequences of action, not
just the quality of the measure itself. [See S. J. Meassick, "validity", in R.

L. Linn (Bd.), Educatjional Measurement, Third ed., (New York: Macmillan, 1989),
ppo 13-1030]

D. P. Gardner, A nation at Lg;g_k; The jimperative for educational reform.
(Washington, DC: National Commission on Excelleace in BEducation, 1983).

12



C’mputerized Educational Aspessment......Ssction I: ISSUES...cseeee..page 3

Moving from the hypothetical tu the actual, there is recurring and growing criticism about the
rcandardized educational tests we use to measure achievement. These criticisms include charges that the
teats do not address higher order thinking skills, adaptability to new circumstances, or creativity. Instead,
they are seen to measure disconnected snippets of knowledge that are soon forgotten and are not
integrated into a knowledge structure that car be used, along with poweriul thinking and reasoning skills,

to deal with the complex technology and new learning demanded of world class workers and sitizens®.

Haa an Historical 8hift Occurred in the National Needs Served by Educational Measurement?

In the past, success in school was not necessary for entry into the job market. As a result, not all
children were expected to succeed in school. Testing practice reinforced the primary goal of education -
to select and sort out a small percentage of students who qualified for managerial and professional careers
from the majority of students who would ultimately be absorbed into a low-skiil workforce. In order to
achieve this goal, educational tests that sorted and ranked people gained widespread pooularity. The most
coet-effective technology for this purpose —~ scannable answer sheets and multiple choxce test bouklets --
war implemented nationwide in schools and colleges, and has become the dominant commercially developed
educational measurement tool in use at this time.

Today, the education and assussment paradigms are changing in conjunction with dramatic
- worldwide power shifts that will impact every aspect of society; particularly the way we educate our
citizenry. As unskilled and semiskilled jobs continue to decrease, sorting and selecting lose importance.
AMgh«godhwmovidc(bremhmdthMﬁmdhdpwmwaﬁﬂthntmyomwithgdeqmte
motivation can succeed. ."nding a way to offer such help to all children is necessary in order to meet
President Buah's goal for the year 2000 of providing an education sufficient to meet international
workforce demands. Technology may be the only feasible means to provide both instruction and
assessment at the level of intensity required.*

Our perception of standardized testing must be reconsidered in a new sssessment context - one
Mneognimmcvdmdmhﬁng,mﬁﬁty,dedsim-mﬁngtmmmkmdthemobﬁwlmd
. interpersonal sk'ls required to succeed. Conventional tests have merit, but it is what we are measuring
andhuthﬂmmmthhtepahdwi&tbamfedonﬂpmﬁeededmﬁonthnmunchmge.
The solution must integrate assessment with " struction and learning. It must reflect clear national goals,
both for student achievement and for teaching practice. It requires sensitivity to the economic needs of
states, and should celebrate the uniqueness of the individual.

PURPOSES AND OBJECTIVES OF EDUCATIONAL MEASUREMENT AND ASSESSMENT.

A key requirement of the statement of work is to review computer applications to "the various
objectives of assessment.” A chapter by Millman and Greene ir, the third edition of "Fducational
Meanment"pnvideaagoodreviewofpmpommdobjectivesfortesting. As a part of a fundamental
description of purposes ror testing, these authors distinguish between educational measurements taken

JMary Ann Ros, Bducation and U.S. Competitiveness; The Community College
Ro'e. (Austin, TX: IC2 Institute, The University of Texas at Austin, October,
1989). Roe discusses the changes needed in the education continuum, from K-12
and on into the college and workplace to produce a world-class workforce. Beyond
the workforce, we need world-class citizens with knowledge and wisdom to vote and
uphold the higher accomplishments of our civilization, and with the leisure,
means, and desire to pursue service and culture.

‘4. C. Norris, "The Future of the Iaformation Bra.”, in R. E. Heldman, Ed.)
2l ecommunica Plannina: ISDN Ne p d_Services.
TAB Books, (B PA: TAB Books, 19

LLONA Management oducts &
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BEFORE, AFTER or. DURING an educational sequence®. In this paper, the concept of educatisnal
aequencembeviewedumeralymofutudy(e.g.,elementary,middle,orseeondaryachool.two-or
fmymwﬂepmmwdedmlm)wuamuqum(ie.,ashm»qumof
courses, a single course, or a unit within a course). Before the educaticnal sequence a rerson is an
applicant or & recruit. Afterward they are graduates, drop-ou. _, or failures. In process, thay are learners.
Thcwmtqﬂmkdeﬁgnedhprwidewmhhgmdrmmwhelpthemmkemmd
successful graduation from that sequence. Thus, in educational assessment, the following exemplify
purposes and objectives before, during, and after.

Purposes of Measurement Before an Educational Sequence
o For selection among applicants
o For placement of recruits
>0 For guidance services
. - Course of study planning
- Learner profiling

Purposes of .Jeasurement During an Evaluation Sequence
o Incremental grading
o Incremental failing (quizzes and mid-terms along the way)
o Routing to non-academic and "special’ tracks
>0 Measurement services to help individual students monitor progress
- extrapolate future progress
>0 Help in formulating the sequence and adapting the sequence to the progress of
each learner
>0 Learning feedback: Hints and helps while students grapple wit* the task
>0 Advice to teachers for grouping students for instruction or for projects
>0 Clarifying the assessment etandards and makirg these assessment standards
the explicit goals of learning

mdwmmwm
Assigning final grades and failures
Graduation

Certification

Licensing
Selection for jobs
Selection for scholarships, awards, ete,
o Guidance services
- Career guidance
- Vocational counseling
- Exit counseling

Atﬁebem’nnhgofmhﬁstabwembuﬂe&di&ms(oﬁthatmprmntmenthnpwed
enmalbmhdeudamdgenudlymdfmmaHnghigh-shkudeﬁomaMutmeirommmﬁeq
rewards, or punishments, Theremainingitemineachﬁst,dedmntedby'>o",areitemsthatwewiucan
wmvhe&'%mmtyphalbrdmedwumﬁdmmwhmgivmwappﬂmnum«w
graduates or failures after. Thereiaawholeclauofhelpnervieesdurhgthemofleaming;less
eommon.butthuemaybefarmorehnportantinachiwingthemﬁon’sgcds.

Unfortunately, measurement in pro duﬁnganedumﬁonalnequemeisanarealeﬁrehﬁvely
untmnhedbytesﬁngcompaniuandmmmmentprofeuionals. It is an azea left largely to teachers.
This state of affuirs represents an anomaly in the field of educational measurement. Leaders call for

Voeooooo

S N

Jason Millman and Jennifer Greene, "The Specification and Development of
Tests of Achievement and Ability", in R.L. Linn, (Ed.), Ed o '
Third Edition, (New York, NY: MacMillan, 1989). (See espacially Table 8 on page
336 that summarizes purposes for testing)
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assessment that will help improve, not just bring good or bad news®. Measurement professionals have
long sought the "holy grail' of measurements that truly help learners and teachers, but the dominant
professionally developed tests continue to be high-stakes tests given before or after an educational
sequence. The productivity of measurement scientists in developing and implementing new measurement
instruments that will help teachers and learners in process is disappointing. Most of the attentica and
resources are given to work on externally imposed measures to support high-stakes decisions. Thus
Stiggins was conctrained to point out in 1088 that:

*Amid the whirlpool of publicity, political turmoil, and scholarly debate currently
surrounding the development of a nationally standardized test, or statewide assessments, and of
measurement driven insiruction, we are again failing to address the central issue in school
assessment: insuring the quality and appropriate use of teacher-directed assessments of student
achievement used every day in classrooms from coast to coast.”’

Teachers develop the best measurement tools they can, but the models they follow derive from
the dominant practices they have experienced: assessment with strong consequences before or after
educational sequences. They have learned norm-referenced testing, so they write tests that spread
students out and then grade on the curve. Often they use grading as a way of providing feedback to
learners, but frequently they unwittingly violate vital standards for validity of an assessment: e.g., they
assign numbers that do r.ot correspond to what is being measured (such as deducting points from a math
test score for tardiness, as though mathematics achievement and punctuality were on the same
measurement scale). They make inferences from test scores that are not valid (e.g. giviag a low grade on
a supposed measure of educational knowledge to punish or control behavior). They may be unaware of
the plethora of possibilities for help services opened up by computer technology, which can provide
continuous measurement. -

Contrasting High-Stakes Asseasment anA Help Services within the Domain of Individusl Asseasment

In a high-stakes assessment, a person or group with appropriate authority and professional
credentials makes an interpretation of information about an individual that can have a major impact on
that individu al’s life. The term "help services" is probably not a familiar one to most readers of this paper;
nor is it a fariliar term in the educational measurement literature. It is a term used in this paper to refer
to the use of educational assesament to guide and help the learner in accomplishing important educational
goals. The before and after uses are familiar ones; guidance and counselling. This guidance may be "high
m'mmmmmfammummmmhmmmmmmm
life, and that decision is made without the examinee’s consent, but if the course of action is left up to the
individual, it is classified here as a help service.

Table 1 characterizes the distinction between high;stakes assessment and help services for
individuals.

Nine points of distinction are given. In each the acronym TEST (Test - Education Sequence -
Test) is used to refer to the high-stakes test (usually given before or after the sequence), and the term
Help System is used to refer to a help service that uses measurement continuously to improve the process
of learning and instruction.

® Paul H. O'Neill, Chairman of President Bush’s Educational Policy Advisory
Committee, and CRO of Aluminum Company of America: "We have some good tents that
tell us something, but they don‘t tell us in a way that would allow us .. make
specific interventions in the process... They tell us we’re not doing very well;
they don‘t suggest why not."” Quoted in, Robert Rothman, "2 Groups Laying Plans
To Develop National Exams", Education Week, Vol. X, No. 4, (1990 ERditorial
Projacts in Education, Sept. 26, 1990).

"Richard J. Stiggine, "Revitalizing Classroom Assessmerit: The Highest
Instructional Priority," Phi Delta Kappan, (January 1988). PP, 363-368.
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Table 1
Contrasting High-Stakes Tests va. Help Systems in Individual Assesament

Any measurement, whether a TEST or a Help Symm, is designed to provide mlwant, reliable,
fmr,mdbmelymfomaambpmfuuondpeople(orwmplewhoap:mwactma
! professionally appropriate manner) to help them make valid and defensible decisions.

L WHY: TO RANK STUDENTS OR TO ADVISE THEM?

| 1. ToRank Them. The BEFORE TEST is
designed to spread people out as much as

| possible along the score scale. A wide score
spread facilitates ranking, and thus promotes
comparisons between those who are higher and

§ lower on the scale. The AFTER TEST is
usually designed to spread people out to

| facilitate grading, but in criterion-referenced

1 measurement it is used to determine "passing’
at some carefully established level.

1. Jo Advise Them. For a Help System ,
ranking is irrelevant, and "scores” may not even |
be visible. What is displayed to the learners !
and teachers is information to help them make
better decisions that will facilitate progress

from cne step to the next.

. WHAT IS THE NATURE OF THE DECISIONS TO BE MAL¥®?

2. High-stakes decisi bout individual
| These decisions can have a significant impact

| on the future activities and opportunities of the
| testee, but the decisions are made for them by
someone else.

2. Low Stakes Decisi bout L .
Progress. Decisions about which larger units
in an educational sequence to take next or ;
about how to correct and improve within a task, |
have a small impact, and mistaken decisions |
canbeeoﬂvctedqwcldy

3 WHOARETHEPBOFESSIONALDEC]SIONW

3. Officers of an Institution. For TESTs the
professionals are admissions officers, State and

| District Administrators holding schools

| accountable, school psychologists, faculty
groups considering graduation requirements,
and the like. They seek defensible information
to back sometimes unpopular decisions.

| Teachers make high stakes grading decisions.

3. Learners and Teachers. It is the teachers
themselves, and the more advanced learners

who have internalized the standards of
excellence, who are the professionals.
Psychologists and other professionals cannot |
stand by teachers and learners to guide them in |
making valid inferences from every

measurement.

4. HOW DOES TESTING USUALLY TAKE PLACE?

| 4. Separate testing sessions, usually obtrusive

| to the flow of learning and teaching, where

| printed test materials are distributed and used
r.nder strict supervision.

4. Unobirusive measurement: The same
materials are used to learn or to produce a
student product that are usec to measure.

16
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5. WHAT PROFESSIONAL STANDARDS ARE REQUIRED?

8. Yery High. Proper use of TESTs requires

| professional knowledge and experience. It
requires Anowledge of professional standards
| for interpretation and use of tests in general

d (e.8., that TEST scores should not be the sole
basis for a high-stakes decision). It also
requires specific knowledge about the particular
measurement instrument and the situation.

: Proper use of TESTs may be sacrificed
| for administrative convenience and may be
8iven lower priority than the goal of lower
costs.

6. HOW SECURE MUST BE THE MEASUREMENT TASKS, SCORES, AND REPORTS?

5. High. Proper use of Help Systems will also
require professional knowledge, particularly
Anowledge about a measurement standard -
what it means to be good «:t something at
progressive levels of excellence. '
There will emerge standards for the use
of Help System information which, like TEST
information, can be misused. For example, it
will hopefully become common knowledge that
Help System data should not be used in
grading students or evaluating teachers.

6. Utmost security must be maintained to
assure that the items or tasks, and key, will not
| be Anown by any test takers in advance, and
that the scores and reports will not fall into the
| wrong hands.

7. WHEN XUST THE DECISION 3E MADE

6. 1 The standards and the
form of the tasks should be known in advance.
Complex tasks may be practiced as often as
necessary before the high-stakes tests. (The
learner, however, should have the right to keep
Rrogress scores private).

(TIMELINESS)?

| 7. Delaved. It is acceptable to have a gap of

1 several weeks or months between the time of

| TESTing and the time of decision-making. The
decision is important and is scheduled in
advance.

8. WHEN: FREQUENCY OF THE MEASUREMENTS WHICH INFORM THE DECISIONS?

7 jgte. Decisions informed |
by a Help System are the day-to-day, minute-by- |
minute, decisions learners and teachers must |
make. These decisions cannot wait for scoring
and interpretive data from a distant location.

8. Infreguent. A single TEST, rcther than a
sequence of measurements, informs most
high-stakes decisions (grading is an exception,
| where a sequence of tests and quizzes is often

i uaed).

D.WHEEEDOESCX)RIIWGANDREPOB’PING'I:AKBPLACB?

8. Continuoys. A Help System provides a |
continuous sequence of measurements, repeated |
cycles of Teach <~> Test (more accurately, ;
cycles of Practice <—-> Coach). Measurement is §
often indistinguishable.

{ 9. It occurs at g centrgl site with fast scanners
| and paper processing machines, along with
| lw'geomputenandanapmm#

The recommendation that educational assessment ,
gaipsmpgort&omtheeompaﬁmain'!‘able 1. If America's needs have

better decisions about

different standards
advanced learners.

learning progress at the moment of
and are continuous. As in all assessment practice, high

9 1 1 ! j
geting where the data is immediately available
to achen and learners.

practice emphasize help systems in the future
shifted from selection and judging

need.mdeeen&alizedtothepheeaoflearning,
professional scandards must be maintained; but

willberequh-ed,andtheywillhuvetobeadoptedbytheteachmandthemore
Assessment, in contrast to measurement, requires balanced human judgement.
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Purposcs and Objectives of Program Evaluation

The term program evaluation refers to the collection of data to guide decisions about educational
sequences, and aspects of them. By contrast, the term individual assessment refers to assessments made
about individual students. The focus of the statement of work for this study was on individual assessment.
Program evaluation will be given less emphasis in this paper, and this term will be used to include
evaluaticns of individual classes or special interventions as well as evaluations of the teachers’
performances within definec! educational sequences. We also use this term tn refer to statewide and
national assessments, which are used to make interpretive conclusions about the progress and problems
revealed by measurements taken using national and statewide samples.

A useful distinction between two forms of program evaluation is summative and formative
evaluation. Summative evaluation usually emphasizes measurementa taken after an educational sequence,
although it may compere them to measures taken before to show gain. The kind of derisions made by
summative evaluation are to approve a particular program or terminate it. Formative evaluation, on the
otherhmd,hterpnhghmmmhtheﬁghtofmmeamdlmkaforwayatomgg
process so that the desired outcomes will be achieved.

Summative and formative approaches to program evaluation are contrasted in Table 2.

Table 2
Some Contrasts Between Summative and Formiitive
Approaches to Program Evaluation

| sumMMATIVE EVALUATION | FORMATIVE PROGRAM EVALUATION |

L. Why?: Any program evaluation, whether formative or summative, is designed to provide
| relevant, reliable, fair, and timely information to the appropriate decision-makers to help them
‘ mahcvaliddefcmibledecidmaboutpmgmu,andﬂwirkachers. '

2. What Decisions are Characteristic of Program Evaluation? :
igh-stakes decisi 2. Decisi fo refine gnd improve:
gbout key pereonnel roles withi gram; to emphasize or de-emphasize particular :
Decisions are made to approve or di inue. program components; to allocate resources to |
| _ , revise and improve a component. !
8. Who Makes the Decisiona?
3. Administrators with program authority and 3. Developers, teachers, and users concerned
budget control. with improving the program. :
| Administrators approve funds earmarked for i
| _ | ma'ng or apeci improvements. .
| 4. When are the Decisions Made?
: 4 when programs are 4. Ideally, continuously in cvcles of a
targeted for summative evaluation and rcview. semester or a year. At ¢ minimum, during
| thenitialtfirunsofapmgram.

15
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5. How are the Measurements Taken? \

| 5. The most common

summative method is io look | 5. Fine-grained scoring, both student
| at aggregated student scores on standardized test: Wﬁg
| s0 that comparisons can be made across different | gystem gre used. Measuring individual

schools. system components makes it possible to
| highlight d nvmm ]

6. Where Do the Evaluations Take Place?

6. At multiple sites of program operation. General | 6. At myltiple sites. General program

| standardized measures are collected that can be improvements are sought for all, but with

| summarized across sites. Reports are prepared al :,",,A. _ iati
g users

Sl Lelele s

play a

ANG gating individual measures. Both completely objective,
machine-scorable measures and holistic measures requiring human judgment will be

part of a good program assessment.

2. Direct svstem measures. In a computerized learning and testing eavironment,
directmmmunbeobhined,mnhuthenumheroﬂeuompauedperstudent,
average time, errors, difficulty of the lessons, and approach to or avoidance of
certain elements within tl.2 lessons. Task engagemeat can be measured directly.
Do students experience cetain kinds of instruction or not? Do they encounter-an
engage critical instructionsl elements?

This is a very promising area for future development. Other direct system
measures could include time on task, mean time to help, and effectiveness of each
kind of help.

3. Immmhnmmompﬁshmeminhterdamhigheredmﬁon,
andwkphoautﬁru:ﬂengiveadiﬂ'mtpictmthaneoumgmduwhen
included in a progran’ waluation. Selection test scores and grades in initial
academic ciasses may be highly related to one another, but may not be related to
long-term meesures, which after all, are much closer to what our nation needs than
first-year grades.

A Note on Asseasing Teachers. States us: multiple choice tes's with the flavor of verbal
andmnthmﬁmlmhhnmmpetmymmhﬁewdngwhmweedhumtthmwho&nbdow
a certain cut score. In licensing teachers in this manner, legislators and state administrators have a
dilemma, %eymnahowthepuﬂhthattheymmivhgfmhighersmdardsbymuhhgupthemt
wqemthemmmdooﬁmrumuhthepoﬁﬁedbmphbhmmquemebymjmﬁngwo
mxwprupwﬁvthm&ommdﬂandﬁnmﬁsthmhoﬁﬁeqwhodidmtdouweﬂuwhﬁeemthe
verbal and mathematical items, Ifthiscutmeilforeeddownwardbythesepolitiealrealitieu,then
thonweepudMWtemhered\mﬁmpmmajmtabwetMsmnmhaveahnouummhneedu
those below the cut score for remediation and improvement. Could not help systems for the
wmmammmmmm-mndmmdnmmwmﬁngmm
standards while helping more candidate teachers achieve them? Do not formative evaluation systems
oﬁuahopeﬁﬂappromhwhmtheyhkedirectsyﬂemmmummdfmonhowthehstrmﬁon
operates? Couldthuesystemsmttakemeofthefmoﬂ'ofpmrlydeﬁnedqmﬁﬁuoftemhem
andfocusonlyetemattﬁbutesthatcouldbechangedbymanagementandbybettertooh?

1a
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Summery of Purposes: A Four-Fold Classification of Purposes for Educational Measurement

The distinction between externally imposed measures for high-stakes decisions versus help
services is analogous to the distinction between surmative evaluation and formative evaluation. Thus,
a way to summarige the broad purposes for measurement considered in this paper is to consider
individual assessment separately from program evaluation, and consider both High-Stakes and Help
purposes for each.

Table 3

METHODS FOR MEASURING THE ACHIEVEMENT OF INDIVIDUALS

In this section, four methods for educational measurement of individuals will be introduced.

These will form the major organizing framework in both Sections IT and III. All four are applicable

toward any of the four categories of purpose shown in Table 3. The four methods are (1) jtem tests,

gx)rmgwtool performance tasks, (3) student products (exhibits), and (4) process measures taken
use, :

Item Tests. Item tests are made up of test items of a familiar nature. These usually require
veqahatﬁmehtumhhmpletqmdmapproprhbfwmpﬁngwidelymdnhnﬂowh&om
information domains. The most common items are multiple choice items that have only one correct
answer. Iummumemmmﬁ‘oldinghowhdgewen;memoﬁzedtamqmm:houpmedmes

thateanbetaughtwhenwe'cover'acurric\mnnratherthanteachingitforintegmtionandfor
transfer to new situations,

Standardized Performance Tosks: These standardized tasks reyuire the integration of multiple
hwubvelpheuofmfmﬁommddmpleskmqinorduwperfomhtegratedmdwmplex
mﬁviﬂqag.,sdwapmbhnudedgnmdm&wtmexpuhnmgwmadommmtwprepuea
presentation or demonstration. 'I‘hetasktakummhlonguthanasimpletestitemandhuintegrity,
mﬁty,andmfmmehsodﬂbvdmdmhathatstudenhmightﬁndintueﬂhgandmhmn&
Performance tasks, unlike items, need not have a single correct answer. They are scored to reflect
different paths or solutiona. Students may “e given partial credit. Holistic assesament is commonly
used in grading performance, thus, human ji iges rate the standardized essay, experiment, documented
problunsohxﬁon.etc.onamlethatmaynngeuptonineortwpoints. Different levels of score have
mmmwmmumummfmmmemmrwmm

Ideally, mﬂmuahouubeperminedwreputtheperfommemakmtﬂtheymsaﬁsﬁedthatthey
understand the holistic standard for excellence.
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Creative Products (Exhibits). An example from athletic competition illustrates the difference
between a standardized performance task and a creative student product. The olympic figure skating
contestant must first perform a set of standardized "school figures”, like figure 8's and jumps. Holistic
ratings on a 10 point scale are used, and the ratings of several judges are averaged. Then
contestant presents a free-style program. It must meet certain criteria, but the composition,
choreography, amount of risk, eic. are up to the contestant. The judges have agreed in advance to a
set of standards to rate the free-style programs on the same 10-point scale. The contestants fully
understand the criteria used in the rating system.

Examples of student exhibits are writing assignments, reports, presentations, performances,
designs, artistic productions, etc. The tasks cannot be standardized, or else the room for creativity is
diminished. This sort of objective goes beyond integration to enable the assessment of transfer of
learned knowledge and skill to a new situation, putting together what has been learned in a new way;
adding new insights not directly presented in the way the ruaterial was originally | >arned.

The result of the student’s creative production is an exhibit, which must also be scored
holistically for primary traits agreed to in advance. In ideal situations, these primary traits are fully
understood by both teacher and student. Like the Olympic contestant, they know the difference
between a performance that is rated 8, 9 or 10. Moreover, the more completely the learners
understand the holistic scoring standard, the more valid that measure becomes. This is in contrast to
coaching for an item test. With an item test, the more we focus on narrow objectives and structured
types of questions, the less valid the test becomes. Frederiksen and Collins,® who introduced these
authors to the Olympic skating example, advocate holistic scoring of student exhibits as a method of
M'Mﬁuﬁditm’thath,&ememwhwihmmmvmditbmeqwm
whmymhmhhitemhﬂgymhmhhﬁhfmmmﬁngmdthmwmemoﬁzewavoidthinhng.
m:mkuthetestleuwﬁdformmmhgthededredlevelofmgniﬁveﬁmcﬁoning.

Indirect Measures During Tool Use: Suppose a student uses an outline processor, followed by a word
Jrocessor, for writing an essay in response to a creative production assignment. Whenever the student
ummoftheoemﬁmprodmﬁﬁtywoh,heouhehhterwﬁngwiththewmpummdthe
responses can be scored and interpreted. Research and development is needed, and intelligent
mwwmmhhmprewmmmWMumdhdpﬁnadmwhelpimmthe
student strategies.

Ithmtneeemrywwaitmtﬂhtdﬁgentmringmmnbeputm-ﬁnedurhgwdm.
Bothaundudizedpufommemhmduudmtuhibiumybeuﬁﬁzedmwbyudnghoﬁsﬁcmﬁng
schemes performed by human raters, As teachers and students learn to assign these holistic scores,
ththhvemhnpmmedmﬁondobjwﬁvoofmdusundhghadeepmabimwmnmmwbe
excellent, mmammmmmmmmaaammmmm
process. The ability to print out intermediate products, as with a word processor, and discuss and
evaluate them is an excellent way to integrate assessment with instruction aimed at creative
production objectives.

controlling emotional states such as anxiety and procrastination. Examples of performance strategies
;:ffmngdwithhbothwademhmdathleticgame&mdwithhmaksﬁkewﬁﬁng. speaking, or
orming.

SUMMARY

Section I dealt with the evolving purposes, objectives, and roles of educational assessment in
the 1880's. Measurement and assessment were shown to be fundamental to all occupations and

%John R. Frederiksen and Allan Collins, "A Systems Approach to Educational

Testing", Educational Researcher, Vol. 18, No. 9 (Washington, DC: American
Educational Research Association, December 1%229). pp. 27-32.
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profeasions because decision-making is fundamental to all, and decision-making depends on sensitive
judgments based on appropriate and accurate information.

Educational measurement plays a peculiar and skewed role compared to measurement in other
professions. There is a lack of consensus on what should be measured, and measurement practice is
skewed toward using the measures for judging, grading, sorting, and selecting. The current
measurement technolozies have grown out of the successful use of aptitude tests for sorting and
selecting. However, jrading practices and testing for accountability in achievement measurement
resemble these aptitude testing practices too strongly. Thus, a case was made for the development of
a new family of measurement applications called help systems more integrated with instruction, and
geared toward achievement through learning progress for a demographically diverse student
population. Such a development will better serve current national needs, which are poorly served by
finding better methods for selecting and passing judgments.

Program evaluation, including the assessment of teachers, aiso appears to be skewed toward
judgicg more than helping. It could profit from much greater focus on measuremeat integrated with
instruction for providing help to improve the teachers and their programs.

Section I introduced a distinction between measurement and assessment. Measurement is a
vital process of deciding what attributes to measure, and then providing accurate data so that decision-
makers can determine presence or absence, and more or less of the attributes selected. Educational
aseessment uses measures, ang other information, about individuals or programs to make an
interpretation and then a decision. Assessment requires human judgment that goes beyond the
accurate measurement of some attribute.

Human judgment is required in three of the four measurement methods discussed in section IL.

1 Objectively scored item tests

2. Holistically scored standardized performance tasks

3. Holistically scored studunt products (exhibits)

4. Human judgments about intermediate products in the process of developing a

‘ student exhibi’, on performing a task.
None of these measurement methods are new. Standardized performance tasks have been a part of
Mmmmr«hmmmmwfammmmynqm
mmmﬁwmwmmmmmmmmmmmmmmmm
profiles. Mwmwmwfammmmm
also require holistic grading, Good teachers of writing, speaking, presenting, acting, performing,
Mmmmmmmmmmwwmmmmuwwpa
along the way. .

How have computerized methods been used in administering each of the four measurement
methods? Caneomwtuiudmethodngobqondmbsﬁmthgmhwremenunyhnpmhgitemteatsfor
m-mmmwmmwm«mmumnmmmw Can
computers transform assess:aent by partially automating the scoring of standardized tasks, student
products, and by providing hints and helps during process? The latter contribution would be
transformational. In addition, the computer’s role in introducing a much closer integration between
instruction and assessment would be transforinational. How much promise do computers have for
transformational applications?

In the next section, these and other issues will be addressed. We will show that computers
have so far been used primarily to substitute for and incrementally improve item tests. But this paper
wiﬂshowthatwmmteﬁudedmﬁonﬂammoﬁmgrwtpmmiufwh&odmﬂngthehdp
mmmrmmmmmmmmmwmmm
mhnmedrohaummonandmmgemnudenuwachiwemm.momwmplexmhiemment
objecﬁvuthmmmedbywnvenﬁondtuu,mdedumﬁondmtmwevohethmugh
measurement and formative evaluation toward the kinds of productive systems our nation needs.



SECTION II: CURRENT USES OF COMPUTERS IN ASSESSMENT
TYPES OF COMPUTERIZED MEASUREMENT SYSTEMS

%etermComputeﬁzedEdumﬁmdAuemmtSym(CEASyswm)wmbemdhthhpaper
Mrd«wasystemﬂmtumcmpmhmepanoﬂheadminh&aﬁmpmmfmmedumﬁow
measurement instrument. Computerized systems for administering tests can be grouped into six
categories, depending upon the mode of administration used. A) of the six CEA System types use
computers in the processes of scoring and reporting of resuits. The six CEA Systems are:

Portable, Non-Interactive Answer Media
1) Scanned answer sheet systems
2) Portable keypad systems
3) Bar code readers
Interactive Tes'ing Stations
4) Computer work stations
0 Learning stations
> in Classroom (Group Dicplay)
> in Cluster (Individual or Small Group Use)
0 Specialized lab work stations
5) Customized simulator environments
6) Specialized notebook computer systems

The six CEA System types are grouped into two categories: Portable Non-Interactive Answer Media and
Interactive Testing Stations. Ammsheetzqatemadonotuneompnterstopmentthedisphyuormpt
memmmtdommmmnmwrmthemmuheetgmthm,mdmintmm This
mmmmmmwmmmmmmmmmm
Mmhspmhbﬂﬁyhmdhahnmrhﬂmtgaﬁmhsﬁngmmhmrwmwﬂhme
suitable desks or tables, Portable keypad systems and barcode readers that do not interact can substitute
for the answer sheets and the scanners. The responses go directly into a digital form without the

from each student's testing session.

'lhenotebookeomputermtemiuom_allandportablethatithasthepotentialtoenableinteractive
testing to compete with scanned answer slieets. When fully developed for computerized mear ‘rement,
such systems would also replace the portable keypad systems and barcode readers.

MPMhMmMHWIm

i thedxpmmuofteatadminhuaﬁonﬁatedbelowmeahmmeofthemriaﬁomamong
the six types of CEA systems. Notinchxdedmotherprweueameamremen&experumeindmeloping,
distributing, and in statistical analysis and record-keoping following administration. These are discussed
briefly later in this sec.ion.

Fresentirn M O]

nting Item or Task Dispisys: Three methods are in use, portable displays for each
individual (e.g. printed test booklets), ini.cactive computer displays used one-on-one, and group displays
using v variety of media.

2] Obtaining a Record of Res onses: The most common method is to use the scannable answer
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sheet. It is most often used in an individually paced mode. That is, the students are giver a certain
ammunt of time to work a certain number of itema that they can sequence in any manner and arrange their
time as they wish. When the items are presented in a group mode, for example, when an auditory
listening test is given in language assesswzat, students are all given the same amount of time to complete
exch item. Interactive computers in labs or learning centers are individually paced and use a variety of
response entry devices (keyboard, mouse, joystick, touch screen, vcice pickup). Notebook computers are
portable and would lund themselves either to individual pacing or to group pacing.

31 Scoringand reporting: Getting the responses into the computer and providing a scoring key
in the computer is the challenge. Scanners for answer sheets have made mass group testing possible.
They can and should be improved to go beyond multiple choice items. Developing a scoring key for
complex performance tasks, even when all responses are collected by computer, is no easy task. Once
scored, software for generating a variety of reports is available and is quite mature.

41 Interpretation of resuits for individuals: Conventional answer sheet systems are scored
objectively and require no interpretation during the scoring. This has a cost advantage and removes
bias from suljective rating, since human graders are not immune to bias or to differing interpretations.
Interpretation of the results comes after the answer sheet is sent back to be scanned, acored, and the
results printed out. On some clinical tests, computerized tools are now in use to interpret profiles of scores
from peychological instruments that produce a profile. The best of these are "expert systems® that have
captured the rules expert assessors use to interpret profiles.

Individually administered tests of inteiligence and of psychological diagnosis require substantial human
assesament throughout. When tests are individuall; administered, the expert hiuman administrator judges
and scores each performance for each task. Sometimes the score is objectively determined, but more often
the student’s vocalizations or movements must be interpreted.

M ng testing sessions: Human proctors or trained teachers preside over testing sessions
to assure standardization fairness, and to deter cheating. Cumputer methods have been used in
computerized testing centers: video cameras, time control, alarm iights, etc. Monitoring for overall test
security goes beyond sessica monitoring. The security of test booklets and answer keys must be
maintained during development and distribution, as well. Electronic distribution provides new means, such
as encryption, to solve this old security problem in high-stakes testing. It also provides new risks because
itoﬂ'mthonnindinednewwayatogainmtotheitemsandthekmandtheposaibilityfor
tempering with the acores.

81 Special practices al populations: Handicapped people require special provisions. They
may he given extra time. The visually impaired may require a human reader. Computers, i.e. educational
mﬁngmﬁmmbeeqmpmdwhhspeddmpmndwhu(audiqh‘a'ﬁehyboudqumommﬁond
response devices for physically handicapped people, etc.). Willinghan® has published a comprehensive
volume on issues in testing handicapped people with conventional tests.

Mmmkhmededwhmmtheauﬁvemdneeﬁngfmeomputermmfwesfwhmdicapped
people into assessment practices. Interactive computer displays can blow up printed information, provide
hudphmuaﬁvdmeem&dnfwaudb,andmnpmﬁdeanﬁetyd‘spedﬂmpmndwkufwthme
who are physically handicapped and cannot use a keyboard or mouse. Computers can also control time
intervahvaypredseb,anditispouiblethatammhmoreequitablewayhoadiustthetimingfor
handicapped peopla can be determined. For example, it takes blind students longer to read a passage in
Braille than sighted students take to read the text. Perhaps the crmputer could determine when the
atudenthadﬂnishedreadingandthenprovideequalﬁmeformwering. By extension, it might be possible
mmwidediﬁ‘mtmmmuofﬁmeequitablyfwmmkm&omdiﬁerenthnmmupa Fiven as
Braﬂehmreﬁm&com&mhgmanEndhhmmmEngﬁahtenhmeﬁmmmmmgfora

U] D] ‘A'L“

esting Hap lict Pe B (BMOD,MA: AlbnandBacon,Inc., 1988).
Tbuewthmwnﬁderedﬂudmbwhomlurﬁngdhabh&haﬁngimpdredvhmﬂyhnmmm
physically handicapped, Their work was sponsored by the College Board Educational Testing Service, and
thekGradmhReewdsEnmhaﬁmBou&wthemmrchmmndmwdwithpapermdpendlmd
multiple choice and standardized essay tests.

©
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native Spanish-speaker than for a native English-speaker.
ADVANTAGES AND DIFFICULTIES OF ANSWER SHEET SYSTEMS
Adveptages
Interactive testing stations have several challenges if they are to compet: favorably with the existing

predominant use of answer sheet systems. Consider the follov/ing strengths of answer sheet systems and
item tests, :

Many gradations of scanning and

A l,‘dk‘JL! !

13 . .
aaministration

F JOW COS!

Processing larger volumes of tests offers economies of scale.
2. Portability, Usability in many locations and settings.

ance. The public is familiar with test booklets and answer
sheets accepts them equanimity. Studies with new item types that require people ‘o
think, rather than eliminate and, if necessary, guess, reveal that thinking items are not welcome.
Smdmwawthntopm-mdedhemsthatdonotgiwthemwmgamddiabmtmm
"probably more valid®. Still, they find them much harder, more time consuming, and they dislike
them.

4. Coverage Bewmeeachitemtnkessmhaabortﬁme,mmhmoreeontentu;dvariaﬁumin
eogniﬁvedemandmnbewveredinthetimeavaﬂablefortesﬁng.

5. Reliability. Rehtedtothehrgernumberofitemthatcanbetakeninagivenﬁmeperiod,the
scores are more reliable than with tests consisting of fewer items.

6. Predictive Validity. The admissions tests predict ficat-year grades.

Criticisms of Item Test/Answer Sheet
Among the many criticism of the common testing format ave:

1 Momtaurelymmnybﬂefmdumomectediwmqmdthmmmmonbthetempomry
uxistence of snippets of knowledge. Instead, students need to develop an integrated personal
knwhdgesMntmthﬂunmﬁdethelmwithmorgaﬁzeimwethgenemﬁvemddeep
formofknowledgeuseﬁxlinadaptingtochangingdrcumatances.

2) Thntmtesummmhuimpwtantouteomumdmimmqythhgsofobﬁomhnpoﬂamm
mhmmﬂmdnglytmhndogimlwdety-smhtbhguuaiﬁmlthhhngmdming.
problem-solving, trouble-shooting, flexibility, creativity, motivation, persistence, and strategies for
learning and self-control

3) That the dominant objective item formats, in particular, multiple- choice promote strategies that
have nothing to do with important educational outcomes -- strategies of elimination, guessing, time
allocation.

rD
N
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processing equipment are available. 50 application can find a cost-effective implementation.



4) That focussed preparation for a broad collection of snippets of knowledge tested via apecific test
formats takes time that should be spent on attaining the deep and powerful knowledge and thinking
skills needed to be a contributor after schooling.

5) That the use of nevrow tests of minimums focusses instruction and squeezes out the more difficult
but desirable outcomes.

6) That the tests are artificial, indirect, and not given in an interesting, integrated, real-world
context.

7) That the ter.. are biased toward certain ethnic and gender groups.

8) That the items have but one correct answer, portraying education as a search for a collection of
Wﬁghtmmrath«thmuaproemoffomhgme’sownquuﬁommdevdmﬁngmerd
partially right alternatives to complex problems.

Mhhmmmmpetemytuﬁng.mdderedhthcnextucﬁon,humehfmspedaluiﬁcjm
Minimum Competency Testing and Its Effects on What, How and Whom We Teach

Varying federal, state and district policies for mandated achievement testing using standardized norm-
Mmedmdm-ﬁmdmmm&dwwhcuﬁcdmwmm
teach to the test. As a result, classroom teachers devote a significant portion of time in test
and practice testing prior to the mandated state and/or national tests. This narrowing of the curriculum
mrmmmm@mmmwmmmmmmdwhmﬁc)m
huhﬁﬁtthﬁmfmh&hhgadmmdothumplumbj&tswﬁmefwadmmedaﬁﬂghigbw
order thinking, reasoning, and problem solving «kills,

Clearly, there is a direct relationship between what we test and what we teach. Two maxims
mhgmmmmmmﬁutherdaﬁmahipnmtb: "Whazt you test is what you get.”
and "What you don't test you don't get."'° Mehrens and Kaminiski have written concerning the issue
of how closely teachers should teach to a test.!* They discuss a continuum of teaching to the test and
WMWMMMMMW%WWM&W
mmmmwmmmm'muum If the teacher is interested in inferring to
ammawmumwmmwmmmawd
scaffolding objectives drawn from that larger domain.

Standardized item tests have also significantly effected how we teach (and how we think about
teaching). Shmshndardizeditmmgenuanvquiuahwgmdhavememdonbmmectm,
we teach students that knowledge can be broken down into short, sizaple additive components. We may

1¢ Lauren B. Resnick, "Tests as Standards of Achievement in Schools,” Paper
prewented at the 1989 Xducational Testing Service Invitational Conference
Proceedirys, The Uses of Standardized Tests in American Education, New York,
Lauren B. Resnick and D. P. Resnick, "Assessing the Thinking Curriculum: New
Tools for Educational Reform,® In Bernard R. Gifford and M. C. O’Connors (Bds.)

g _Views of Aptitude. Achievement, and Instruction
(Boston, MA: Kluwer Academic Publishers, in press).
Lorrie A. Shepard, "Why we need better assessments”, nal shi

AP‘LI' 1989' ppo 4"'9.

1lyilliam A. Mehrens and John Kaminiski, *Methods for Improving Standardized
Test Scores: Fruitful, Fruitless, or Praudulent?”®, EBducatjonal Measurement:

lesues_and Practice, Spring, 1989, pp. 14-30.



not teach students that the solution and problem solving path we use is as important as the answer.
Likcwise, we have not taught students that there may be several alternative correct answers. In cur
attempts to cover the broad scope of material addressed in the state curriculum plans, we have rot spent
sufficient time on the "powerful ideas’ and the "core, essential concepts” of the disciplines. If achievement
tests are the operational gor!, they offer a way to select aud carrow to a amaller target.

We need to teach a smaller number of powerful ideas well, rather than a broad coverage of content
without a coherent structure. Furthermore, we have tended to view the content disciplines of
mathematics, reading, writing, and acience as separate and independent knowledge domains. We do not
teach students to understand the relationships within and among these knowledge domains. We typically
do not have students write or speak about their own mathematical ideas, or read original source materials
about great mathematicians.

Finally, by advocating the use of standardized, item-based tests, the minimum competency movement
has influenced whom we teach. For example, results on standardized achievement tests are generally used
as a primary indicator for retaining students at their current grade level rather than providing appropriate
instruction and remediation so these students can progress to the next grade with their peers.

A recent three-year study by the National Commission on Testing and Public Policy, entitled "From
Wmmwmwmmmﬂ.'wmmwww
has become a "hostile gatekeeper” which limits opportunities for many siudents, particularly women and
minorities. The commission called for a innovative, transformed assessment system which would "open the
gates of opportunity for Ameria’s diverse people.”

Superintendents often demand that principals and teachers "raise test scores” as the most important
goal. It is not emphasized that the test scores are only proxies or indicator behaviors for the real learning
outcomes which we expect from schools.

As Shepard"® points out, teachers may dirert students away from good instruction when using a
standardized test to identify mild handicaps. The results from these tests significantly harm students by
labeiling them. The label becomes the explanation for the observed behavior, "He cannot read because he
is learning disabled". Then they are redirected into Jess challenging classes, with lower expectations, and
where there is less teacher encouragement and pressure for learning progress. Shepard also discusses the
effecta of errors of measurement. In one study nearly half of the students labelled as learning disabled
were really normal or were average performing students in above-average performing classes or schools.

SUBSTITUTIVE, INCREMENTAL, AND TRANSFORMATIONAL APPLICATIONS OF INTERACTIVE
TESTING STATIONS

Three Stages in Technology Diffusion

The U.S. Office of Technology Assessment has found that the diffusion of a technology goes through

three typical phases. These phases are:

1) The substitution phass: The newest technology is used as a more efficient substitute for the
older manual or labor-intensive procedures. For example, the first applications of computers to
assesement were simple computerized tests that duplicated the exact items in the exact item
sequence, and used the same scoring procedures of their printed test equivalents.

\ne stage of incremental ‘gorovements: Workingwiththehnplementationoftecbnoloyatthe
substitution luvel, inventive people soon discover incremental improvements that utilize features
of the technology not used in its substitution phase. Examples will be given of tests where items

12National Commission on Testing and Public Policy, From Gatekeeper to
in » (Chestnut Hill, MA: National Commiszion

on Testing and Public Policy, 1990). :
1 Lorrie A. shepard, "Identification of Mild Handicapa® In Robert L. Limn
(Bd.) Bducational Measurement, Third Edition (New York, NY: Macmillan Publishing

Company, 1989) pp. 545-572.
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are selected dynamically according to a mathematical model. Another incremental improvement
lﬁnmhngmhnpwthtbem&omthemmwhrmnﬁcprintedmtentofmmtmitems
to increased use of computer graphics, color even animation in the item contents.

3) The introduction of p DOt

(O

Use of Interactive Testing Stations to Administer Item Tests

m'mdediﬁmofEdtmﬁmdMunmm(m?l)Mudumeeubreferemwthepmﬁd

of testing by computer?¢, Thuouipnnlmputeﬁ:edtutingappﬁemmtyphlbemployedmainﬁ-ame

and minicomputer systems accessed by computer terminals. Widespread use of computers for testing was

mmwmmwmwmmmmmw followed by the
first personal microcomputers in the late 1970s.

W.mmmmmmmmmuummwmﬁmw«m

mwammwmmmrmmm«mwmmmmmmmm

Table §
MMMdWTm
0 Greater standardization of o Limited number of computer
test administration terminals per school
o Immediate test presentation o Incompatible computer
o Immediate test acoring and hardware and software
reporting 0 Need for equating studies
o Enriched display and response between computerized and
capabilities paper-administered tests
o Allows new item types and o Limited computer experience
item formats of some students
o Reductions of certain types 0 Need to examine \
of measurement error bias, and legal issues
0 Ability to measure o Possibility of new types
Iatercy for items and of measurement error
components crom testing
o Improved capabilities for 0 Lack of imaginative item
score analysis and interpretation types when multiple choice
o Improvements in test security format is copied from paper
o Easy aggregation of testing records
tests,
0 Creaiion of customized tests and
items by computer

4 prank B. Baker, "Automation of Test Scoring, Reporting, and Analysis",

in Robert L. Thorndike (Bd.) Bducational Measurement, Second Edition (Washington
DC: American Council on Education, 1971). (" geon,



Research reviews have examined comparability of test scores from computerized tests and paper an'’
pencil tests.’® These studies typically show no significant differences or only slight test score differences
in favor of one or the other testing mode. These differences are of little practical significance. Recent
reviews hypothesize that these small mean score differences may be due to specific user characteristics
of a small portion of examinees,*® These user characteristics might affect performance negatively on
computer-administered tests more than the paper-administered tests for a small portion of examisuze: .

Examples of Computerized Tests

The computer administered conveutional test (CT) is the most widespread of the types of
computerized assessments. Computerized tests are employed to measure generalized achievement, to
WWMWWMWW-MMWM
instiuctivnal objectives.

An illustrative computerized test is the WICAT Comprehensive Assessment Test.)’” This
computerized testing product includ~- comprehensive tests of reading, mathematics, and language arts for
grades K-8. The computerized tests measure a common set of educational objectives addressed by all of
the major standardized achieveinent tests. A testingmanagement system is provided for selecting students
mmfmwmmmwmmmmmmmedmm
- The computerized test items include text, graphics, and digitized voice quality audio. Directions for tak.ug
the test are given with text, graphics, and digitized voice-quality audio.

Educational Testing Service has developed computérized versions of two College-Level Examination
Pmmm(CLEP)mumdincmmﬂymdmﬁngmmhwvcifympambiﬁtydm&mthe
computerized and paper-and-pencil tests. One of the CLEP tests employs digitized, photographic
illustrations to test artistic judgment.l® Educational Testing Service has also developed interactive
assessment videodisc demonstration projects for medical certification and English as a Second Language. 12

District-wide implementations of computerized testing have been demonstrated for measuring state
assessment objectives.?® Widespread use of computerized professional certification tests has also been

%¢c. victor Bunderson et al., "The Four Generations of Computerized
Educational Measurement,” In Robert Linn (Ed.) t
Edition (New York, McMillan Publishing Company, 1989).

John Mazzeo and Anne L. Harvey "The Equivalence of Scores from Automated
and Conventional versions of Educational and Psychological Tests: A Review of
the Literature,” Research Report No. CBR 87-8, ETS RR 88-21. (Princeton, NJ:
Bducational Testing Service).

16 steven L. Wise and Barbara S. Plake, "Research on the Effacts of

Administering Tests vie Computer,” Educational Measurement: Issues and Practices,
v°1. 8' no. 3' ’all 1989' ppo 5"10.

1"Wicat Systems. Wicat Comprehensive Assessment 'I;est. (Wicat Systems, Orem, UT, 1990).

18 william c. Ward, "BETS Innovations in Assessment," (Princeton, NJ:
Educational Testing Service, 1990).

1 B, Bridgeman, Randy Bennett, and S. Swinton, Design of an Interactive
Assessment Videodisc Demonstration Project (Princeton, NJ: Educational Testing
Service, 1986).

¥ James B. Olsen, A-ryl Cox, Charles Price, Mike Strozeski, and Idolina
Vela , "Development, Implumentation, and Validation of a Computerized Test for

Statewide Assessrent, " Educational Measurement: Isgues and Practice, vol. 9, no.
2, Summer 1990, pp. 7-10.
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C ogament . o8 on 2 Current Uses. . o 0

Computier-Based Psychological Testing and Interpretation

Anmuﬁngamofmmhﬁudtuﬁngrmrchandimphmmhﬁmismmpuhﬁudpaymm
tests and interpretations. Computerized testing versions have been developed for several psychological
tests such as the M..nesota Multiphasic Personality Inveatory, Ohio Vocational Interest Survey, Self-
MMMMS%WMW,MUMMthmdM&wmm

metuBandTmhmprmﬁm(CBﬂ)mahopmﬁdedfmmudpeychohgimLpemﬁty,
and vocational related tests. Computetized test interpretations provide detailed text and graphics based
reports which interpret the results of psychological tests, 1. ofessional guidelines have been adopted by
mngmmmmmpmmmmmmm
interpretations. '

INCREMENTAL IMPROVEMENTS IN COMPUTER-ADMINISTERED TESTS.
L. Compuiterized Adaptive Testing

anomM'Adapﬁvemﬁng.thedymmkulwﬁonofiwmmmhtheperfommeof
mmnﬁnudurhgthem!mhishaﬁmofa%huﬁmlbbmeamdﬂymﬁﬂemthodohgfw
use in standardiz- ) testing programs®’," This form of testing has achieved a milesione with the
publication of a comprehensive "Primer*?¢ that presents in terms as accessible to lay readers as possible
mwmmmmmfmmmmdmmtmﬁmmm.

Aemputuizedadapﬁvemhampnteﬁze#tuthwhkhthenenitemwhskhadapﬁvem
tailored depending on the examinee’s previous responses. In a computerized adaptive test, an item of
average difficulty is administered first. If the examinee answers the item correctly, a more difficult item
is presented. Ifthcenmineemswerstheitemimorrectb,a!eudiﬁcu‘xiteminpremnted. The adaptive
mﬁngmommnﬁnuumﬁlaupedﬁedshpphgnﬂehrwhedmdthemﬁngprmwmham
Typimludapﬁvetutterminatimaiteﬁaindudeaﬁxednumberoftestitems,aminimumstandarderror,
or a maximum information value.

Computerized adaptive testing is based on pioneering developments in item response theory.?%

Dean A. Slawson, District-wide Computerized Assessment in Texas (Provo,
UT: Waterford Testing Center, 1986).

“1allan C. Bugbee, Jr., "Students Prefer Computer Administered Testing,"
Educatjonal Measurement: Issues apd Practice, vol. 8, no. 4, Winter 1939, p. 28.

22pmerican Psychological Aesociation, Committee on Professional Standards
and Committee on Psychological Tests and Assessment, Guidelines for Computer

Based Tests and Interpretations (Washington, D.C.: American Paychological
Association, 1986).

234ark D. Reckase, "Adaptive Testing: The Evolution of a Good Idea,"

t Mea su t: Issue d » vol. 8, no. 3, Fall 1989, PP. 11-
16.
% Howard Wainer, (Ed.) Computerized Adaptive Testing: A Primer
Erlbaum Assoc., Hillsdale, N.J., 1080.

25 pred M. Lord, Applications of Item Response Theory to Practical Testing
Problems (Hillsdale, NJ: Lawrence Erlbaum Associates, 1980).

Ronald K. Hambleton, "Principles and Selected Applications of Item Response
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Computerized adar**-e tests include four major components: a pool of test items from which the test is
created, a proced:  .or selecting items firom the pool, a method for computing the test score when the
test is completed, and a means for determining when the testing should be terminated. Additional
information on the components and standards for computerized adaptive tests have been documented.?%

Computerized adaptive tests yield all of the benefits presented above for computerized tests. In
addition, computerized adaptive tests also provide the following benefits and limitations presented in Table
10.

Table 6
Benefits and Limitations of Computerized Adaptive Testa
Technology Benefit. Technology Limitations
o Increased measurement precision o Limited number of computer
with significantly fewer items terminals in schools
0 Testafitems are individually 0 Requires large numbers of
selected accordingly to each student responses for item
examinea’s responses calibration and analysis
o Increased testing efficiency o Unidimensional item response
with time savings of 50% to 70% and scaling model does riot
o Rapid and accurate measures necessarily reflect stages
at all ability levels of complex cognitive growth
o Improvements in test security 0 Schoals are not structured
0 Ideal for ranking and grading. to take advantage of the time
Spreads people out along a savings from adsptive tests
single dimension. o Requires more advanced test

Examples of Computerized Adaptive Testing. One representative example of computerized adaptive
testing is the College Board Computerized Placement Tests developed jointly by the College Board and
Educational Testing Service.?’ The Computerized Placement Tests are computerized adaptive tests
dedmdfwmebytwomdfmmymmﬂeguhmifmteﬁngﬁudenhmreubfumﬂegelevel
work in English, reading, and mathematics, or need additional developmerital courses. These tesis have
been used for a period of four to five years at approximat ly 80 colleges ucross the U.S.

AnaddiﬁmdmmphdmputuizedadapﬁwtesﬁnghtheDiﬁ‘mﬁalApﬁmdeTm
Computerized Adaptive Edition published by Psychological Corporaticn.?® This test battery provides

Theory" In Robert L. Linn (ed.) Educational Measurement, Third Edition (New York,
NY: Macmillan Publishing Company, 1989) pp. 147-200.

Ronald K. Hambleton and Hariharan Swaminathan, Item Reasponse Theory:
Principles and Applications (Boston, MA: Kluwer Academic Publishers, 1985).

2 Bert P. Green, Darrell B. Bock, Lloyd G. Humphreys, Robert Linn, and
Mark D. Reckase,

"Technical Guidelines for Assessing Computerized Adaptive Tests," Journal
of Bducatjonal Measurement, vol. 21, no. 4, Winter 1984, pp. 347-360.

L. J. Abernathy, (1986) Computorized Placement Tests: A Revolution in
Testing Instruments. (New York, NY: College Board).

¥#The Psychological Corporation (1986). Differential Aptitude Tests,
Computerized Adaptive Testing Edition. (San Antonio, TX: The Psychological
Corporation, Harcourt, Brace Jovanovich, Inc.)

League for Innovation in the Community Colleges, Computerized Adaptive Testing:
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adaptive tests for the following aptitudes: mbalreuoning.numericalability,abst_ract
Wmmmmm,mnmmmw@. This computerized
adaptive testing battery is available in both IBM PC and Apple II versions. The test is used in junior and
senior high schools.
With the emergence of microcomputers, computerized adaptive testing has now become fesaible for
widespread operation and implementation, as well as for research. Within the past few years, a wide

testing,
mwwmmmmmmwmmm
certification, and licensure tests.*® Computerized adaptive tests have also been developed for district
and statewide assessment,’®

2. Computerized Mastery Tests

In comperison to computerized adaptive testing, which attempts to obtain accurate measurement across
a broed range of proficiency levels, computerized mastery tests seek to provide accurate measurement at
test presents items which help to discriminate examinees above and below the mastery cut score.
Comnﬁeﬁzedmﬁerytuﬁnghtheprdmedmdclofchobefmmutmﬁﬁmﬁmmdﬁewﬁng
programs. The theory and procedures for computerized mastery tests have been documented.?

Exsmples of Computerizs? Mastery Tests _ ‘
MumﬁmalTestingServieehnsdevelopedacomputeﬁzedmterytestfortheNat:onalConmc:lot‘

The State of the Art in Assessment at Three Community Colleges. (Laguna Hills,
CA: League for Innovetion in Community Colleges, 1988).

3 Mark D. Reckase, “Adaptive Testing: The Evolution of a Good Idea,"
16.

Susan Grist, Lawrence Rudner, and Lauress Wise, " Computeriged Adaptive
Tests” e O,

» V'
(Washington, D. C.: American Institutes for Research, February, 1989).

30 . Gage Kingsbury, "Adapting Adaptive Testing with the MicroCAT Testing
a :

System" atio ractice, vol. 9, no. 2, Summer 1990,
ppo 3-60

Sue M. Legg, Dianne Buhr, and Robert Wickham, "Adaptive Testing for State-
Wide Assessment, MiCroCAT News, March 1989, PP. 1,4,5.

Jose Stevenson, "Computerized Adaptive Te sting in the Montgomery County,
Maryland Public Schools,™ MicroCAT News, April 1987, pp. 1, 4.

pred M. Lord, Applications of Item Response Theory to Practical Testing
Problems. (Hillsdale, NJ: Educational Testing Service, 1980).

David J. Ysiss and G. Gage Kingsbury, "Application of Computerized Adaptive
Testing to Educational Problems®” Journal of Educational Measurement, Vol. 21,
361-375.
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. Architectural Registration Boards.’? Test questions are organized into a series of short structured
testlets designed to match the overall test content specifications and to provide equivalent measurement
characteristics. It would be inappropriate to select individual items randomly from a pool or even according
to difficulty level as in a computerized adaptive test. To do so would almost always violate the rules for
content, coverag? and balance found in the test’s specification. Testlets also serve to correct unexpected
context effects; for example, if the computer selects two items from a podl, the first item might give away
the answer to the socond one inadvertently*>. A minimum number of testlets are drawn randomly from
the available pool of testlets and then administered to the examinee. At the conclusion of each testlet, a
decision is made concerning whether or not the examinee should be classified as a master or non-master
based on performance from the combined testlets. Computerized mastery tests typically require only half
of the questions administered in the conventional paper-and-pencil format.

8. Computer-Bosed Dingnostic Testing. A particularly intriguing application of computerized testing for
educational purposes is the computer-based diagnostic test.’* A computer-based diagnoetic test attempts
MMMMWMMMMMMM&MMMW
to test items or testing situations. Some diagnostic tests attempt to diagnose and classify cognitive errors
within a generalized problem solving domain. These errors are often referred to as misconceptions or
cognitive "bugs."

4. Incremental Improvements to the Display of Item Contents

Computerized Video, Graphics and Animetion Tests. The increasing capability of microcomputers
mmmmmmmmmmmmmmw
more realistic and challenging types of test items. These capabilities provide for assessment of interactive
and dynamic characteristics similar to real life situations. With video and photographic display capabilities
ammmmmmwammmmm,m
languages which are very realistic and life-iike. How much better would be a science test which included
phﬁopaphgmﬁmsegnmtgmdhighrmhﬁmmhm&dwhrmhhdimhyuoﬁdememmepﬁmd
processes? ' .

Examples of Video, anlnumdAnimdimTem In 1979 the National Science Foundation funded

9illiam c. Ward, "ETS Innovations in Assessment," (Princeton, NJ:
Educational Testing Service, 1990).

**Howard Wainer and G. L. Keily, "Item clusters and computerized adaptive testing: A case for
testlets’, Journal of Educational Measurement, 24, (1987). pp. 185-201.

¥Kikumi K. Tatsuoka, Diagnosuig Cognitive Errors: Statistical Pattern Classification Recognition
Approach. (Urbana, IL: University of lllinois, Computer-Based Education Research Lab, 1085).

David L. McArthur, Diagnostic Testing Project. (Los Angeles, CA: University of California at {08 Angeles,
Center for the Study of Evaluation, 1985).

Garlie A. Forehand and Myrtle W. Rice, Diagnostic Assessment in Instruction. Machine Mediated
Learning, Vol. 2, No. 4, 1988, pp. 287-296.

Isaac L. Bejar, Educational Diagnostic Assessment. Journal of Educational Measurement, Vol. 21, No. 2,
1984, pp. 175-189.
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a proof of concept study for a computer-controlled videodisc addressing college-level developmental
biology.’® This videodisc included computerized testing components, some with motion video segments
(Le., unraveling of the DNA molecule), still-frame video displays, animation graphics, and high resolution
graphic display items. Evaluations of the videodisc tests showed that students effectively learned and
retained the information presented in motion video, video still frame, and animation displays.

Amputuizedmphbandmhmﬁmhsthubewdwebpedwteumwmm.of
variable identification, hypothesis formation, operational definition, experimental design, and interpretation
of data. The test demonstrated b 1 reliability, and difficulty and discrimination indices which were
acceptable for evaluating criterion referenced achievement.>® A computerized animation test has been
developed for a three-dimensional spatial rotation task. The test included 80 three-dimensional rotation
items created from eight basic graphic figures.®’

POTENTIALLY TRANSFORMATIONAL APPLICATIONS OF COMPUTERS

1. Current Uses of Computers to Administer Standardized Performance Tasks
Anmﬁvqmm,ﬂﬁeen-mmvwsmmemhubeendwehpedbytheTm
Learning Technologies Group®®. It is in use in eleven other states besides Texas. In the minimum
configuration, videodisc or computer displays are presented by the teacher on a monitor at the front of the
class. Students work in small groups of four or five around videodisc equipped computers at the back of
some classrooms or in a learning center. These same computers can be used for individualized tutorials
for individual students. The Texas Physical Sciences curriculum includes a variety of simu'ations, but these
are not acored as a part of the assessment. It is an interesting commentary on the state of the art in
m'hgmndardizedpuformmmhthmEdtmﬁondTaﬁngSmhemappmhedwmn.TG
hdmdopingtheam&fwtﬁahmﬁvemnrbdmmddwebmdasﬁ‘ofmulﬁphchbeppw
and pencil administered tests (ETS is involved in other projects involving the scoring of simulation tasks).
Recent nationwide trends in educational assessment favor the use of performance-based assessments
as alternatives to the traditional multiple-choice standardized tests.”® Performance tasks require
students to publicly display and effectively use their personal knowledge and skills to write, discuss, think,
solve complex problems, and conduct experiments. Examples of performance tasks considered by states

¥*Bundernon, C.V., Baillio, B., Olsen, J.B., Li J.L, and Fisher, KM. Instructional effectiveness
of an intelligent videodisc in biology.  Machine-Mediated Learning, 1,2, 1984,

3‘MielmelE.I-Inle,Devel;opmeutol'aComputerAnixmtedSciencePromasS»killaTez;t., Paper Presented
at theAmualMeetingoi’theNaﬁomlAssociaﬁonforReseamhinSdemeTeanhing (New Orleans, LA:
April, 1984).

¥Isanc 1. Bejar, A Psychometric Analysis of a Three-Dimensional Spatial Task. (Princeton, NJ:
Educational Testing Service, 1088).

**Barich, Gary D. “Outcome Evaluation Report of the TLTG Physical Science Curricuhun, 1988-89,"
The University of Texas at Austin.

3 poug A. Archbald and Fred M. Newmann,

Ayther Academ Achievemer }_the Secondary School (Reston, VA:
National Association of Secondary School Principals, 1988).

Grant Wiggins, "A True Test: Toward More Authentic and Equitable Assessment,”
De » May 1989, pp. 703-713.

Grant Wiggins, "Teaching to the (Authentic) Test," Educational Leadership,
vol. 46, no. 7, April 1988, pp. 41-47.
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Mvommﬁngmummdmmmmmimmwmmd
writing exercises, and hands-on science

Results from a recent survey show that neerly half of tho nation’s states are developi or plan to
develop, performance tasks &s a significant component of their statewide assessments.*® The states of
California, Connecticut, Massachusetts, New York, and Vermont are currently implementing statewide
performance assessments. The states of Alaska, Arizona, Colorado, Florida, Hawaii, Kentucky, Maine,
Missouri, New Jersey, North Carclina, Oregon, and Pennsylvania are currently developing statewide
performance measurements. Additional information on performance measwement systems can be found
in the following references.*! Performance tasks have recently received national educational support and
interest from a coalition of three dozen educational and civil rights groupe.*?

MMMbmphyedeMhthniﬁngmmﬁngmmM
prompts, currently used in the National Assessment of Educational Progress, the General Educational
Development Testing Service, twenty-eight statewide assessments, and in the Colleye Board Advanced
Placement Tests. Themﬁhgpufmmmknqmmﬂmwwﬁteabﬁefum(s)hrupome
to & specific writing prompt(s). Current computer measurement technology has been applied to the direct
writing tests in the following areas:

o  Banks of writing prompts,

o  Word processors as alternatives for students to use in creating the written essays,

o Textdaubuuandeditouwhhhteachmmnmeforswﬁng.retﬁwmg,andmmgingthe
student essays.

o  Barcode readers for recording holistic writing scores

Mmmmpatutnhmbgydevdopmumexpeaedmpmideaddiﬁomlmmbiﬁﬁuformmwhg
uudmmﬁngpufmmehdudingmmmteﬁzedhandwﬁﬁngrmmmnsyﬂemmm
handwﬁtingmdtextoomuaionmtemamdmmmtcdmringofstudmtemy&

Examples of Performance Tasks, Educational'l‘eatingServicehasjmtannouneedaoomPuterized
portion of the National Teacher Exam/nations, the most widely used teacher licensing exam.** In the

‘‘Pamela R. Aschbacher research described in Robert Rothman "New Tests Basad
on Performance Raise Questions" Bducation Week September 12, 1990, p. 1,10.

‘! Lauren B. Resnick, Education and Learning to Think (Washington, D.C.:

National Research Council, 1987).

Doug A. Archbald and rred M. Newmann, Beyond Standardized Testing:; Assessing

SVene Xy h '(Reston. VA: National
Association of Secondary School Principals, 1988).

Joan B. Baron, “Blurring the Edges Among Assessmsnt, Curriculum znd
Instruction,” Paper presented at the Education Commission for the States and
Colorado Dspartment of Education Agsessment Conference, Boulder, CO, June 1990.

Grant Wiggins, "A True Test: Toward More Authentic and Equitable Assessment, "
n' H&Y 1989' ppo 703-7130

Grant Wiggins, "Teaching to the (Authentic) Test," Educational Leadership,
VOlo 46' Nno. 7' lpl'il 1988’ ppo 41-470

“Campa:l.gn for Genuine Accuuntability, "Statement: on Genuine
Accountability,*® tion Week, January 31, 1990, pp. 1, 12.

$3Karen Diegmuller, "E.T.S. Previews Revamped Examination for Teachers" Education Week, VoL 10,
No. 2, September 12, 1990, pp. 1, 13.
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Wmhwmwﬂumwmwdrmmumnumm
multiple-choice responses. 'Ihewacheuwillalsobeaakedtowritebriefeompmﬁzedm Adaptive
testing features are also included.

patient

answers, open ended performance items, and medical simulation exercises.

mmmwmmmmmammdmﬂm
tasks and work simulators. Manyoftbuewk—huedperformametuhandsimtﬂaﬁmemploy
eanp\nutechmhgyfordwebping.adminisming,ming.mdreponing. These computerized
pufmmehahmge&mthembammdmdhnemiondmghtdmuhmswhkhmmdngle
wwwmmmmmmmmpmmmmm-ﬂi@tdmuhﬁmwhhhmmed
to train airline pilots and flight techniciana.

2. Current Uses of Student Products in Assessnent
Imndmﬁondhteruthpufmmetuﬁnghudwleadhmmnphnismstudmtubibiumd
portfolio methods.4¢ Amﬂmtpwu‘oﬁohduduampmuﬁvewnecﬁmoffhenudent’amkmr

humﬁveeommuchmbgymameﬁxﬁnwhhlefmmmuudenumme
development and ofcreaﬁveprodwta,exhibita,andportfolioeandusisﬁngteacherainthe
evaluationoftheaecreativepaformancu,exhibits,andportfolica. :

3. Process Measures During Tool Use
Udnghteg‘auddeahopwﬁmnaystemamhutheApphMmIntmhorMMOﬁWmdms.O,
ithfnﬁﬂeheoﬂeﬁmmﬁeﬁzedmmmemeMsududmﬁulm@mmthwhof
the availahle electronic educational tools. These process measures can be used to evaluate student time
mtmwwdgnqmmdmawdmmm&equmtwﬁﬁﬁuﬁthmhmm
generalized learning and problem sclving strategies. 'Iheeollection,analyuis,andreportingofproeeu
mmwudmhgwdmewmrequkeammﬁzedhnnwﬁomlmmagementaystemwhhhhablem
collect data nonintrusively. ‘
mmehomspromiﬁngmﬁahfwmmemmsmdfeedbmkdmingmdaﬁuthe
useoftodnintheptodwﬁmofuhibita,preeentaﬁom,etc. Currently, tools like word processors are
Mgmmmmmmemmnmmm&nmmdmuummm

LWWMWWW‘!&M

humdngly,teaﬁngspedalhumdedummnMMnglyremmmendingtheneedwmwmw
‘ asseaamentwithinstrmtion.InhiaprefacetothethirdeditionofEducationalMeasurement,RobertLinn

“Dannie P. Wolf ¢+ "Portfolio Assesesment: Sampling Student Work, " Educational
Leadership, vol 46, no. 7, April 1989, pp. 35-40.

g:mzaéo P. Wolf, "Opening Up Assessment," ducational Leadership, April 1988,
ppo - )
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reiterates the historical need for integration of assessment with instruction. 43

*In my view, the biggest and most important single challenge for educational measurement today is
no different from what it was at the time the first edision of this book appeared; that is, to make
measurement do a beiter job of facilitating learning for all individuals. However, to date,
mcumumthasdomamuchbetkrjobofpndictingwhoudllachimandofdmﬁbiugthat
achievement than of helping teachers adapt instruction to enhance the learniny of individual
students. The combined efforts of cognitive psychologists, measurement specialists, and educators
wiﬂmdbbedamtzdtothictakifedumﬁmalmmumnemi:goingmbewme,not'apmceu
quite apart from instruction, but an integral part of it'.*¢

Iinnandhhrmmbtwodthemmmwemmtprofedmhwbohavewritwnmmhg
the need to integrate assessment with instruction.’” Two of the primary methods currently employed
fwhtegmﬁnganemmtwithmﬁmhdude&mputermmgedhs&mﬁmmdhteyated
Learning Systems.

Computer Managed Instruction. Computer managed instruction (CMI) systems use the computer
wmmmmammmmmmmmmma
district in which the students are working at differing instructiona, vels, with different curriculum
materials, and with differing achievement levels. A computer managed instruction system typically
consists of a bank of instructional objectives, a large item bank, lesson curriculum materials and
exercises, lesson post-tests, and a bank of inst: uctional prescriptions.® Item banks are used to create
the required pre- and post-testa. CMI tests in the past were usually administered in paper-and-pencil
format with a computer-readable answer sheet. 'l'heanswersheetswmmneduaingdeaktoporhigh-
cpeedmnnmwthemeremnumenteredbytewhenusingakeyboard. When the tests are given

*Robert L. Linn, "Current Perspectives and Puture Directions.” In Robert

L. Linn (Bd.) al Me ement d Rd n (New York, NY: McMillan
Publishing Company, 1989).

‘® Ralph W. Tyler, "The Functions of Measurement in Improving Instruction"

In E. P. Lindquist (ed.) Educational Measurwment (Washington D.C.: American

Council on Education, 1951) p. 47.

47 ¥ -ank B. Baker, "Technology and Testing: ‘tate of the Art and Trends for

the ;‘u;uro,' g [-] » vol. 21, no. 4, Winter 1984,
ppo 9 -4060 ’

Nancy 8. Cole, "Puture Directions for Educational Achievement and Ability

Testing,” In Barbara S. Plake and John C. Witt (eds.) The Puture of Testing
(Hillsdale, NJ: Lawrence Erlbaum Associates, Publishers, 1986).

Garlie A. Forehand and C. Victor Bunderson, Basic Concepts of Mastery

Assessment Systems (Princeton, NJ: Bducational Testing Service, 1987a)
Michael E. Martinez and Joseph I. Lipson, “Assessment for Learning, "
Educatjonal Leadership, vol 46, no. 7, Rpril 1989, pp. 73-76.

Anthony J. Nitko, "Designing Tests Integrated with Instruction,” In Robert

L. Linn (ed.) wwm (New York, NY: McMillan
Publishing Company, 1989) pp. 447-474.

Lorrie A. Shepard, "Why We Nead Better Aasessments +" Bducational Leadership,
vol. 46' Nno. 7' hpril 1989' PP 4-9,

‘*prank B. Baker, Computer-Managed Instructjon: Theory and Practice
(Englewood Cliffs, NJ: Educational Tec

hnology Publications, 1978).

37



on learning workstations, the term CMI is not usually used. CMI systems may in~lude networks among
several personal computers and severa Jsaktop scanning machines, The mainframe-based CMI systems
such as Project PLAN, Individually Guided Education, and the Navy CMI systems, implemented in the mid
lm‘lammm’gmhedwmddam&wudedmﬁmtbm@WWeofmm
curriculum materials and computer-scannable answer sheets, Each of these large-scale CMI systems has
been retired. Cmentcmmhnplunentaﬁomtypﬁnllyemploymkrommpmemﬁnkedthmugh
modems and local area networks, as) ]
Integrated Learning Systems were designed as integrated learning environments for students,

combining assessment, instruction, and management within a single system. An ILS ‘ypically includes the
following hardware components: a central file cerver, mass data storage devices, local \rea communications
network, thirty or mor» persor.al computer workstations, and a printer. The primary roftware components
Mmmwmwmmmmmmed
testing and assessment software, ste”s development activities, and instruction-related software tools.

The ILS environment provides students with opportunities to take computerized achievement tests
and receive appropriate prescriptions for mastered and non-mastered objectives. The presacriptions include
comprehensive computer assisted instructional modules designed to teach non-mastered curriculum content
and objectives. Shndentrupmtothemhumaandmpuwdzedmﬁngmmhhm
mmitwedandtuchmreedunpoﬂumhdivﬁudﬂudmﬂmdchuwfommeuamdenupmed
through the curriculum lessons or computerized tests at their own pace.

USE OF COMPUTERS IN PROGRAM EVALUATION

Computers play a critical role in collecting, analyzing and reporting data from local and national
mamwmae.mwlmwzwmmmmq'mqsmq

ete.).¥? Program evaluation is conducted primarily to judge the worth and value of educational programs.
Edmﬁmdwammﬁﬂgeduvdmbhﬁ‘thqladmdpiﬂmnthnwmuhmﬁentmm
as mensured by student achievement test scores and other edw itional indicator variables. Data from
hdividud“udmtandmmhﬁmmmmwedwithdsh&mﬂudeﬂmdmnpmm
mubdetmheﬁmedtmﬁnmlpropamproﬁmamdgniﬁmnta:hiwmtphswm
mmmmmmmmmmmmmwmmm
mmmmmmmdmwmmmmmmt
results, National evaluations of educational programs sls0 use computers to conduct nationwide statistical
analyses of educational program effects and outcomes.
Commuaappﬂmﬁmafcmamevdmﬁmmgmmnyfomdatthehrgedis&icgshtemd
national levels. Hm.tothaauthors’knowledge,theroisnotauniformmtionallystemor
computerized network for use of computers for program svaluation. If each district had a comparable

Use of Computers for Aggregating Individual Data

Computersprovideideddatamﬂecﬁon,aggregaﬁon,analysismdmporﬁngwoh. With local area
nﬂmﬂngmdbngmukmmmmimﬁmsmpabiﬁty,datacommgmuindemenu of student
Wmuwmmmwmmmmmmmml
mmwmmmmmmmwmmmmwmm
educationnloﬁce,nndﬁ‘omthestateeducatiomloﬁcetothenationalDepartmentofEdtmﬁon Data

‘*Herbert J. Walberg, a'd Geneva D. Haertel, International Encyclo a
ducatio tion (new York: Pergamon Press, 19990).
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base management systems can be used at each level of aggregation to store, query, retrieve, and report
results from various subsets of the program evaluation data. Statistical packages can also be used at each
appropriate level of aggregation to provide statistical analysis of educational program effects. Several
states (Florida, Ohio) and districts (Azusa, CA; Pharr San Juan, and Alamo, TX; and Anne Arundel
County, MD) are currently implementing district-wide and statewide information networking systems which
will facilitate aggregation and integration of student achievement data.

Upe of Direct System Measures

The increased availability of networked personal computers and integrated learning systems provide
the fouindation for development of direct measures of the effectiveness, efficiency and productivity of the
educational system. The computerized learning system can record each interaction the student has with
the computerized instructional and assessment system. These data are stored in a data base management
system for easy access, statistical analysis, and creation of customized or standard reports. Data from
student interactions can be used to calculate the following preliminary list of direct measures of system
performance: time on task, niean time to help, lesson and response duration, lesson effectiveness
evaluation, attrition, lesson avoidance, and estimated completion times. Additional direct system
performance variables should be hypothesized and investigated.

Use of Long Term Educational Outcome Measints

mmﬁmmﬁuhmibmsmmmizeditemmuwithiwmswhkhmnbemwaed@kny,with
one and only one correct answer, and which are generally independent and unrelated to other
test items. These are efficient and fer less costly than searching for long term educational outcome
measures. Measures of success in employment rates after schooling, and in productive accomplishments
(e.g., publications, patents) is difficult and costly to obtain. Emphasis has therefore been placed on short
tumwﬁaﬂuwhhhmighthnmesNdeﬂmm&emulﬁphchobemofmﬁoldingobjwﬁvu.
Mmhawfwmdmhnmnm&hmtypeoflwmhghdhhrmdhmeneglecteduplmﬁon
of long term improvesuents in learning.
mmmmmwmmmm&mmmmmwm
mmwmmﬁufwﬁmﬁmndedjwnmmmmmm
Wmmmm,mmmm;anqmmupmam
learning strategies. Imgtummtemshouldemphasizenpphedcapabﬂiﬁumdperformmemqmed
for later classes, higher education, and future workplace settings. Long term outcomes should emphasize
the need for lifelong learning and education.
ToudﬂhmvidhgdooulhhbetwmthewwﬁsofmdandwhtheU&Seuemvoﬂabm
has established the Secretary’s Commission on Achieving Necessary Skills (SCANS Commission).5° The
focusofthemmmisdonhtoidenﬁbmenﬁdjobmhtedakﬂhforeﬂ'ecﬁvewrkperfomme. The initial
Hlthcmdutwenty-dghtﬁmcﬁmdjobuﬁnshthemofrmmemmgement,mfmﬁm
mmgmhmmmmwmhmmmmmmm
affective skills. Ithexpechdthatbyagelﬂ,aﬂstudenhwmhavemedproﬁdenduinthuemﬂm
readiness competencies. Theaeeompetendupmvidethepotenﬁalfomdaﬁonformmementoflong
term educational outcomes,
Tomumatetheneedforfmusingmbngtemedumﬁondouwomes,cmdderthemmufromaloug
term research project with the Graduatc Record Advanced Chemistry test. The project®? found a strong
negnﬁvemrehﬁonbetmmmmineummmtheMmmedChemh&yteatmdthenmberof

S%Michael Kane, Sue Berryman, David Goslin, and Ann Meltzer, -The Secretary’s
n Achisving Necessary Skills (Washington, D. C.: Pelavin Acsociates,
Inc, 1990)

*!"Long-Term Validity of the Advanced Chemistry Examination", ETS Research Report (1989)

34



subsequent research papers and publications produced by the examinees, Graduate schools should
mmmmmmmmmmummmmmmwpmm
and publication.

These data suggest the need to explore the variables which influence long term educational outcomes.
OmtypkalahMmeuupecﬁvemedumﬁmﬂmﬁmmumymiﬁga&againﬁmemﬂymtm
measure,

CURRENT USES OF COMPUTERS IN DEVELOPMENT, DISTRIBUTION, AND ANALYSIS OF
EDUCATIONAL ASSESSMENTS

Sheethemidmw'smmuchndogyhubemomphyedmmﬁvemoftesﬁngmd
assessment, Test publishers have used mainframe or minicomputers to enhance productivity in the tasks
of test construction, item banking, test printing and test distribution. Word processors are employed for
item writing, editing, and review. Item banking prograrr, are used to store large collections of items for
easy access to item displays and item characteristics. Additionally, computers are used to fcilitate test
construction, editing, and review. After the test is developed, laser and color printers facilitate test
printing and formatting.

Cmmmﬂndwd-fumtmgjob,andmmwomuhelpﬁnmﬁmhudeﬁmmddmdop
more complex, integratsd and motivating assessment snd performance tasks. There exists a long standing
maﬁmbﬂwemthamtmtmdmuuhughthn&odmdthemteﬂmdprmmqﬁmdh
the world of work. To reduce this gap, editable versions of SCANS commission functional skills and
assessment scenarios could be made available to state departments and school districts The states and
dil&ictamldthmmwmizethueeompmenuwmehmhmlmdamquﬁremenu.

'l‘hebmeﬁtsandlimitationsofeomputeruaeahtutdevelopmentandreporﬁngarepresentedin
Table 7.

Table 7
Benetits and Limitations of Computers in
Test Development and Reporting
Technology Benefits Technology Limitations
o Worv processors used for itam o Limited number of integrated
writing test construction systems
o Item banking programs for itemas o Limited graphics editors
search, selection, and o Lack of professional item
insertion interchange formats
o Automated test construction, o Limited computer experience
editing, and review of test developers
0 Item analysis and calibration
o Improved test printing and
f
0 Increased flexibility and
ease of test
0 Automated ordering and
distribution processes
0 Remote electronic registration
o Improved test reporting
Computuwchmbgiuhmeahobeenuudeﬂeahelyth&ahmmddhhibuMnm
Uﬁngatmwhtelephone,computamuforremoteregiatmhonand can easily be
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distributed testing center loca‘ions. These same procedures can be used to download tests from mainframe
computers to personal computers. .

Examples of Computer Uses in Test Nevelopment

Excellent summaries of computer uses in test development, distribution, and reporting are provided
in the following references.®? :

Test Analysis, Record Keeping and Reporting
Highspeedtatamwuaheetmningmmhhummdmmmwushegtgmthemm

store the information in a computer readable format. Large mainframe or minicomputers are then used
to process and analyze the testing information and to prepare printed reporte for the individual students

reports to be printed from the resulting tost scores and profiles. Computerized interpretative reports have

ahobeenpnparedforminueasingnumberofedumﬁmalandpeychobgiedtest&

humaninfnstrmtme Foreonventionalpaperandpencilteaﬁng,theinﬁmmmtmisinplme.
Computerized educational assessment requires the introduction of a new decentralized infrastructure. It

*3Frank B. Baker, "Computer Technology in Test Construction and Processing,” In Robert L. Linn (ed.)
Measurement, Thi tion (New York, MY: McMillan Publishing Company, 1989), pp. 409-

Ts&CMHnu,'DwdopmenuthrwompuerpplmﬁomwTenhg,'Papermtedatthe
Annual Meeting of the American Educational Research Association, San Francisco, April 1086.
Jason Millman and Jennifer Greene, "The Specification and Development of Tests of Achievement

and Ability" In Robert L. Linn (ed.) Educational Measurement, Third Edition (New York, NY: Macmillan
Publishing Company, 1989), pp. 335-366.

Jason Millman and Judith A. Arter, "Issues in Item Banking," Journal of Educational Measurement,
Vol 21, No. 4, Winter 1984, pp. 316-380.

Anthony J. Nitko and Tse-Chi H -, "A Comprehensive Microcomputer System for Classroom Testing,"
0 i ent, Vol. 21, No. 4, Winter 1984, pp. 877-390.

Gale H. Roid, "Item Writing and Item Banking by Microcomputer: An Update," Educational
Measurement: Issues and Practice, Vol. 8, no. 3, Fall 1989, pp. 17-20.
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requires permanent learning and assessment centers at schools and colleges. The mix and configuration
of these centers between separate lab rooms and computerized classrooms has not been determined.
%mdiﬁumtpoupinpofwofudmﬂsmmﬂymakewthehumanh&u&mhmethﬁhm

junovation and implementation of the precursors of CEA. These three are:

L. Educational measurement professionals, and the current testing industry.

2. Instructional technologists, trainers, and human resource development professionals.

3. Computer techi.ologists and users from many fields of endeavor.
Each of thes: has its own strengths and weaknesses. The testing industry, which is both sustained and
criticized by measurement scientists and related professiorals, will receive the most attention in this
review.

AwduwwwmmWTmm

Wehmequdthewmdsoﬂudminthceduuﬁmﬂmamementpmfeaﬁmmdhavepmvided
fmhomwdwummtthatthmprofedonmmvuymmedwiththemedwhtemtet
withhmmlmmmmfmmdthcrmmmmiﬁmmmhoﬂhehrmhmddwehpmt
into the new riorities, nor have they introduced many new products.

mmmmummmammmmmmﬁomnmm
mnjwmwoﬁth;E&mﬁdeuﬁngSuvbedMNJ,md%eAmeﬁanoﬂegeTuﬁng
Program in Iowa, and at for-profit testing companies. They constitute the current U.S. educational
measurement infrastructure for research and development. Whether they distribute testing products or
mmmWMaﬁMfMamtmmlmmudtywimmimwmwnwﬁvewhdomfor
dealing with the complex issues of educational measurement. However, the tendency for this professional
community to communicate to its in-group in mathematical and statistical terms tends to isolate it5>.
Anadvumrhlmhﬁmhipahmdnmemﬁngmmpammwehped&omapowingnmbaof
politically active consumer groupe. Thueadvowyyoupslmvegahedpubﬁdtybyattmkingdiﬁ'erentum
ofshMardizedtuﬁngwithmﬁdumthgampofthemmﬂeﬁtyof&emthsuegor
proposing sound alternative measurement solutions.

Despiteitaeontribuﬁontotheuciememdtechmbgyofmmrement,theus. educational
mmmeﬁh&uhntmhsmtkeptpwewith&endsmdprwﬁeuhtheothuhoprofuﬁonﬂ
communitiee, Aaaremﬂt,hstrmﬁondtechndop‘summoreﬁkebwludminthedevdopmentofm
applications that integrate assessment with instruction. Neither have many measurement professionals
hptupwkhmpuhrandhfmﬁmhehmbyﬂhue&mdnhmethemtmﬁdh“mthehnds
dhmnmpumhtuwﬁmspoﬂhhed\mﬁmuwenuthemmomuthatmnmtenmnybe
asseased. %uquthemediafwbamhghtmmformedbyadvminmmpuﬁng.ourdeﬁniﬁmof
literacy, education, and assessment must reflect this transformation.

Clmmtedtmﬁondmumdeﬁmdmmwhwhnswithmwdmatm,mtherthmm
mmwmmmmummmmmqmmnmmmm
or large computerized archives of information. Ccrputeruaers&ommnydisdplineamdevelnping
dmuhﬁmvhmﬁuﬁmmthmthatmkemHndsoﬁmmt(nnhuHelpSyﬂm)
possible. Thuehnovatmghowwa,mnoteognimtofedmaﬁondmmummenthmmmdprwﬁce&
%eneedhgreatmﬁnkhwhdgemqukedﬁmmwmﬁvemMﬁmediarewamhwithtesﬁngmd
instrmtionaldevelopment;:ract.iee.

How Much Lende ship Will the Testing Industry Provide? Professional testing companies have
important strengths, but are the target of much criticism. They are national resources of expertise in
mmnmmademe,mdoﬁmamndwsutmnﬁkeluderahipmedmﬁmmwhuethdr
expertise is strong. Theypromotemd&yhabidebyhighpmfeaﬁonﬂstandardsforqmﬁtymdfah'nm
Where they maintain significant numbers and quality of researchers, they enlighten the national debate

3The publications of NAEP, in general, and of the new ETS policy
information center have a refreshing accessibility.
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with factual data. They also may pioneer new item types, new computerized methods, even new ways to
integrate assessment with instruction.

Various anti-testing advocacy groups attempt to protruy them as villians, but their villainy is often
illusory. The tests bring bad news about the educational progress of minority groups versus white males,
and this is taken as proof of bias in the tests. It may only indicate failure to provide the educational help
in homes and achools that children from each group need.

A more valid criticism results from constraints these companies operate under. It is not a conscious
policy on their parts, but is very real. Professional testing companies exert a strong conservative and
inertial force in alowing the pace of acceptance and implementation of computerized testing and unfamiliar
instructionally-oriented systems. Whether organized as for-propaet or not-for-profit, chese companies make
their income from selling paper test booklets, paper answer sheets, and in scanning and reporting paper-
and-pencil multiple choice tests. Companies are thus very reluciant to adopt computerized testing; they
mahordmuntmbetbeﬁrstwmnmmammmueﬁzedlmdndizedmhigwmentm Several

developed some computerized testing products for item banking, localized test scoring, and aptitude
testing. Hm.htheabsemeofaprwenmketmddeﬁveryin&u&mtmmofthemajor
professional test publishers have been willing to announce development or release of a computerized
standardized achievement test.
Medmdmﬁngmmmmﬁnmwrehmmm&amemdmmmompuwrwchnohgyfmm
development, research and reporting tasks. In general, these organizations have not emphasized buildir.g
upaﬁuhmhwompnmwchnobgy.whhmvaﬁvedisphymdrespometechnobm
Severdfomuactmteaﬁngwmpanieswkeepthemhckedintothhwnmﬁvepmtm.

mwnmwmmmmmmwmm
computzrized testing. Teuﬁngeompaniuwmberespmdvetotheoecﬁenu,bmtechnobgyeompaniumay
persuade these clients that they can provide a faster, L:ss expensive solution. The statistical and scientific
qmﬁtyshndardsthatthetutingwmpanieaadheretomhardwuphm;hmdtosen.

requiring
repreuinnovation,creaﬁvesduﬁom,mdexplomﬁonwiththeuaeof'newtechnohgieeformﬁng. It will
simply cost too much before it can begin to yield a return on investment.
Theideaofformativereseamh—startingwithaparﬁalsystemandevolvingitovertimebasedon
ﬁeldexperieme,isﬁ-aughtwithtoommhriaktocompanieawhoarejudgedbytheunchallengeablequality

of each product as it 2omes out the door,

i ’ =2 19 VEIY ConceInea avout legal challenges, They have had to ﬁght many
to oftheirpmdmﬂineertainhighmhkum(emphymentselecﬁonhperhnputhe
mosthot!,ylitiglom).%eyhavenotpereeivedtlmlow-stakesproductslikehelpaystemareao
fundamentally different that legal Liabilities may be minute.

AYgle WAL 1O DE ] Vel . ! ) |'; DWTL Tests 'Ihe
high-stales test is in an awkward position if the7 also develop the instructional help products
to prepare people for those tests,
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8. Competitive pressures pssures prevent organizations from changing
develcpers are not given time by their managers to try out new item types or delivery options. They must
make their quotas of items, or else schedules and budgets will not be met. The innovative developer who
takes time off to work on a research project, even if funded from another part of the company, may not
be promoted as readily as those who keep fully occupied on bread and butter tasks. These tasks are to
develop dependable, accepted and valid multiple choice tests of the highest quality the world has ever
known.

This observation is not unique to testing companies. They are business organizations, albeit with high
ideals. They must meet their client’s schiadules and produce an income to survive and thrive.

8. The capital inves red is i xm to risk. The capital investment in new modes
of testing means high costs for that must be di from improving the bread-and-butter printed
tests, high costs for restructuring the company internally and retooling people expert in pt er processing
to become good at computers, and an expensive, missionary-type of selling to convince people to install
hardware with the features of ILS systems in order to run the new tests. Such investments are
questionable, to say the least, for a supposed market that does not have an infrastructure in place.

§. M - fessionals ic mi of business. The more academically
oriented a testing company is (and the non-profits tend to quite academic), the less comfortable they
fmmmmmmbmmtwmmmmmudmﬁmmv«mentmm
Hﬂdmfmpmnthﬁngmn&mmdumt&hnhdhﬁhMehmmh&asthmm&

The Probable Evciution of Current Testing Products

Figure 1 shows some possible evolutionary progressions in the delivery of answer sheet/item test
measurement instruments. A test requires stimulus presentations, and response entries correlated to the
displays. Printed booklets and answer sheets dominate, but some tests use audio-visual media. Listening
and language tests require audio or video tapss, or their equivalents. These group testing modes
(Wmmmwﬂmmwmpmhﬁmmmmmm
or electronic response devices. Help systems (practice with feedback worksheets) can be implemented with
papu,dthm:ghmpum&ﬁveqhnﬁrmmbmcﬂmbmnmmmm&wubﬂity.
Notebook computer-like devices offer both the functionality and the portability of printed tests,

Probehle Evclution of Answer Sheets. Answer sheet systems should evolve and will do so. Because
dmmmmmmmmmmnmmmmmmmmty,mdm
publicfamiliaritywiththuesystema,itisdeaimblethatactiombetakentopromotetheeontinued
evolution of answer sheet systems. It is probable that answer sheet systems will continue to evolve as
mnwammddehighermluﬁmmdum&emtypubeyondmﬂﬁphchokemdwehpedwuﬁﬁze
these systems. Test answer sheets are divided into several hundred "bubbles’ - small ovals or
where the scanner looks for a mark, Moettestdevelopemusethistypeofsheetonlyformultipleehoioe,
butitisposaibletouseanamweraheetforotheritemtypea. For example, by providing a grid for each
iteminamat.htedo“eolummand13rownofbubbles,therowsrespectivelydeaignatedbythesymbols
*-'(minus), "/"(divide), "."(decimal), or a digit from 0 to 9, students could enter arithmetic such
as 9/15, 6223, 46-7, and many others into tLis grid without selecting from 4 or 5 multiple choice
alternatives®*,

Brent Bridgeman, A comparison of mu - e and -
guantitative qu one ¢ ne graduate record examine ETS Research Report
(in press). Bridgeman took away the distractorr in graduate record exam math
items, and presented the same item stems with grids to 3000 students. The "grid-
in" items are much harder than the original multiple choice items, and were
superior in measuring at the high end of ability. The erroneous responses

entered by most studentv were not usually the distractors invented by the test
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It ia also possible to arrange paragraphs so that the words, printed in non-scannable ink, each 11
across several bubbles. Then words can be marked or lined out by the student and these selections ca. .

be scored®®. Recent research at ETS has resulted in a new family of "Figural Response Items'3S,
These items utilize high-resolution optical scanners that pick up tiny picture elements (pixels) from lines
and marks drawn by the student. The computer reconstitutes the locations and configurations of these
pixels and compares them with specifications in a scoring key. The figural response items presented to
the student contain pictures on the answer sheet. The student marks a part of the picture (e.g., mark the
nucleus in the cell), draws an arrow (e.g., which way will the bail travel when it emerges from the curved
tube?), or draws a line (e.g., where could you cut the flatworm to yield the pictured cross-section?).

The art of handwriting recognition is developing, and will eventually mature to the point where
printed letters and numbers can be recognized from scanned answer sheets. Figure 1 depicta these
developments.

Answer Sheet Systems in the Classroom. Answer sheet systems can certainly participate in the
transformation of learning and instruction through integrating assessment with instruction. Teachers can
use computers to display both instruction and assessment information to whole classes. Students can mark
their responses on answer sheets, which could be scanned on an optical scanner attached either to the
teacher’s computer or to a multi-purpose computer at the back of each classroom. The measurement
activity could be quickly scored and could be made a part of a timely group discussion.

Possible Leadership from the Instructional Science and Technology Community.

%amheedopriﬁveammmndadmﬁsuwefmmpﬁmsmthkgmmﬁmﬁmam
as regards technology. The subgroup who have engaged technological pr:tlems most resolutely are
generally known in the Integrated Learning Systems industry.

Cwrrent Status of the ILS Industry. An industry has been created for Integrated Learning Systems.
Ithugimmnofmﬁuwkmmmpuurmmmdhmwﬁmandmpummudhsmm

hupatedwmpmythatdwdopedhndm,mﬁwqcmmmmdpmvidedmm Wicat Systems
hudmeoﬁmdmedumthndmmdmfmdeﬁmmwmmlyavﬁhthCphtfm
Theﬂﬂhdmuyhdiﬂemt&ommehdmuyforedmﬁondwﬁmthatwmnmonm-domm
Smmwnhadﬂmtmmm&maqmmmwwmmmmgm
testing through one networked configuration. Several of the ILS companies are systems integrators and

developers.

**Wwinton Manning, Deve e-elide ts o sh as a 8

ETS Research Report RR-87-18, Princeton, N.J: Educational Testing
Sexvice, 1987.

*Micbael E. Martinez, John J. Perris, William Kraft, Winton H. Manning,
cor o =and-pencil £ responses, ETS Research Report RR-
-90' 19900

Michael ®. Martinez, A c ) tiple-choic d gtructed

Paper presented at the meeting of the American Educational
Research Association. Boston, MA, April, 1990.
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integrate hardware, software, and service, and install the ILS systems in the achools as a part of their
overall fee. This group of small specialized II.S compenies includes Jostens Learning Corporation,
Computer Curriculum Corporation, Wicat Systems, Plato Learning Centers, Wasatch Systems, New
Century, and others. The distinguishing feature of this industry is the possession of substantial curriculum
materials that operate on the integrated learning systems and cover entire subject matters over several
yeers of the K through 12 curriculum. The set of small specialized ILS companies have found a market
niche that is growing rapidly. Many labs and learning centers are being installed in schools. The group
of small ILS companies probably accounts for about $300,000,000 dollars per year in volume, while the
large computer manufacturers, of which IBM, Apple, and Tandy are the most prominent, control over
$500,000,000. IBM is the most vertically integrated and largest of these and offers courseware, scftware,
end hardware under its own label. Much of the courseware and software has been purchased or
contracted from raurll software companies, from consortia, and from individuals.

The large ccmputer manufacturers install labs consisting of personal computers of their own make.
Sometimes these PC's are stand alone, but increasingly they are networked into a central file server for
use in a variety of educational activities using computers. This includes instruction in computer acience
and programming, instruction in word processing, spreadsheets, and other business productivity software
tools, writing labs integrated with writing instruction in a variety of classes, desktop publishing and
graphics labe.

The Previous Evolution of Integrated Learning Systems. It was difficult enough to learn how to
develop interactive instruction, then integrate it with CMI-like testing and with instructional management.
Now forces in the marketplace, and voices in the sc.citific community, are calling for a better and deeper
Hnddauemmtthanthemmpubﬁzedhm%mﬁdqmdfo;adeepafmdh&mﬁonwith
instruction. *

Smeofmewduﬁomthrudsthatmuupwwday’snSmwmnhamamﬁnuhghﬂm
today. The Plato system was developed in the College of Engineering at the University of Illinois, starting
in 1969, under the direction of Dr. Donald Bitzer. Plato introduced some of the first multi-terminal labs
at learning centers in schools. These were supported by large mainframe computers made by Control Data
prmaﬁon(CDQ,buthavehwzntymbemrepheedbynetmkedpmonﬂmputmmtha
numerous schools and colleges using this system. There was a brief merger between Plato and Wicat to
fommePhWWhtCmmny,andmtwohngaﬁumkmagerﬁﬂedthethhbewerewqﬁredby
The Roach Organization who markets and supports them today. Plato was championed for many years
bywmthonh,chaimnmdfounderofCDC,whomheadoftheNoniahsﬁtutewdayhm
Mmmmdbaduhthemmmnthwd&andomedwhmhthmughthemofhmmdhamhg
system technology.

mswmmmfmmmsmmmmmpimmdmmm
labs that originally used noisy teletypes (this worked extremely well in achools for the deaf). This work
was soundly based and thoroughly researched, and led to the founding of Computer Curriculum
Cmpomﬁommintegmﬁdhamhguystemproﬁderthatwnthuuuas&ongphyerwday. The Stanford
hsﬁhneahomnumdthedeﬁpofmemMMOOsyuem,whichanywaysmthewﬁest
prototype of the twenty- to thirty-terminal integrated learning system labs found today. This system was
discontinued in the early 1970's, but was very influential in building the human infrastructure for
Integrated Learning Systems.*’

'l'heIBM16003yutemwasoneoftheparentaofthe'l‘lCCITsystem,completedile?B under
National Science Foundation funding. TICCIT offered a thirty-two terminal integrated learning system.
Thedhu'mrmt'm&ehchndoydhtumﬁvetw&waykkvﬁmmmbh,dwehpedbytbem-
profit XTTRE Corp. The TICCIT system was designed by the team that balanced the contributions of

*’C. Victor Bunderson and Gerald W. Faust, "Programmed and Computer-Assisted Instrustion”, in N.
L. Gagne (Ed.), a ACHI] the Seventy-fifth Yearbook o

Natiopal Society for the Study of Education, Part I, (Chicago, IL: University of Chicago Press, 1976). pp.
44-90,
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instructional scientista/ technologists and engineers. It was built around a coherent instructional model
and a coherent instructional management model. Hazeltine Corporation acquired TICCIT from the prime
contractor, Mitre Corporation, after the NSF funding ceased. Hazeltine in turn sold it to Ford Aerospace.
It was recently acquired by a larger training and simulation compeny. The TICCIT system used testing
intimately integrated with instruction and with management, and had an early form of computerized
Another early ILS company besides Plato and CCC was Wicat Systems. The Wicat Integrated
Learning System drew on some of the experience with the Stanford drill and practice systems and on the
TICCIT computer-aided instruction system. Wicat systems also benefittad from some of the earliest
interactive videodisc work. Wicat’s current business coneists of two parts: training systems, especially
simulators for airline and other industrial training; and education systems, integrated learning systems
installed in hundreds of schools. Wicat invested substantially in computerized testing and has several
batteries of computerized achievement tests that may be integrated with most curricula. With help from
foundation grants, Wicat's nonprofit institute also developed a battery of "learner profile® tests, which
included many innovative item and test formats.
\ Labes for general computer use in schools represent another evolutionary trend. These labs have
primarily been equipped with stand-alone computers used for programming, computer literacy, and now
word processing, and other business productivity tools. So long as these labs consisted of stand-alone
computers, they had little potential for computerized assessment or integration of assessment with
instruction. Hom,ummofthemhavebeamemnectedwﬂleservemwithnetworksoﬁware,it
becomes feasible to use them as learning/assessment centers.

The Possible Future Evalution of Integrated Learning and Asseasment Systems Figure 2 depicts
some possible trends in the evolution of integrated learning and assessment systems. As mentioned above,
mmmmmmmwmmmmmmmngmmmmmm
and provide opportunities for tool use. The networked labs were of two kinds: integrated learning systems
and specialized computer labs. Oﬁ‘tothesidamspedalahnuhtors,smhuthosefomdindﬁvingchues
mdvomﬁonnlchuegmdmdhnmdonddmuhﬁonwﬁmeprogmmmedonmwmﬁveﬁdeodiw
systems.

Currently there is a movement to place integrated learning systems in classrooms instead of in
separate lab rooms. There are three forces driving this:

1) Mmmm&mcuhyhhngmm&emmdmh(mmemhmﬁu

mmnmmmpwmmmwwmemmmmm

2) Educators feel that the teachers will become more involved if the computers are in the classroom.

3) Computer manufacturens can sell more hardware this way. For example, one thirty-terminal lab

versus fifteen clasarooms equipped with four terminsls each presents an obvious short-term
business payoff.

The thirty-terminal lab has many advantages for computerized educational assessment because of the
mnity,standardizaﬁm,mdmonitoringnquiredhhigh-stakutesﬁngseaﬁm& The system
administrator in the learnir.g center can manage testing sessions. The group presentation computer at the
&ontoftheroomhuadvmhgufmhtepathgmmﬁonwithammgmdwdmthelummghb.
The most difficult configuration is classroom PC's. Four terminals in a classroom will go unused most of
thetimebewuetheentiregrwpmuatbeattentivetothegroupactivitie& Texas Learning T
Grouphun'~.Jhndtheunofbothtmhemon&onedpresenmﬁmmtemsmdfomorﬁvechmmm
PCs. The g.oup system achieves 45% utillization while the stand-alone PC'’s are used under 10% of the
time.

Mﬁghtegmtedhamhgmhmhaﬂmmdwﬁmuprmnthdedgnedinwchmmmh
probably not a good idea. Itcarriecwithitamamgementmodelforindividualizedim&uction,bm
classrooms are managed primarily for group instruction. Therefore, Figure 2 and Figure 1 both predict
thadcvelopmentofgroup-paeedassementandinshwﬁontechnologies. The teacher controls the
mmwtuwi&aﬂeokaudmﬂerhhhdudhgﬁdeodimdmuhﬁommdadmﬁﬁcvismﬁmﬁm
Assessment questivns are integrated with the presentations and students may respond either on answer
sheets used for practice and feedback, or in the future, on small electronic devices like notebook

/,
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Figure 2
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computers. These devices have potential uses in individualized instruction, individualized testing,
homework, and tool use, as well as group response.

Current uses of computers in assessment have primarily been substitutive and incremental, but there
and incremental improvements to them, standardized performance tasks, computers as tools to get at
process assessment w. feedback, computer-enhanced display and interaction, and computers that integrate
assessment with incuruction and management. To achieve the benefits of any of these applications,
whether incremental or transformational, a new infrastructure must be established in the achools to put
the tools into the hands of the students anc. .he teachers. Discussion of the probable evolution of buth
answer sheet systems and interactive workstations introduces us to the future of CEA, where group-
oriented systems integrated with labs and with portables can play a transformational role. In Section ITI,
we turn to further elaboration of these future possibilities.
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SECTION III: FUTURE. USES OF COMPUTERS IN A/SESSMENT

Thehnmﬁonahowedmmtumofcomputmhwentmpﬁmnﬂymbsﬁtuﬁvemd
incremental in terms of the technology diffusion model. Transformaticnsl uses were introduced in Section
mmmhchﬂememdmmwmmmw:edwfmmmwm
feedback and helps related to process during tool use. Other transformational possibilities included
graphh,mimaﬁonmdmulﬁ-mdinfwdeepvhnﬁuﬁmddiﬁcuhmmmdmmm
hnpahntb,theintegraﬁmofammentwithimﬁnwﬁonandwithmamgmt This section will
wmmmmwmﬁmmdwmmmmmmmwwmu
mduwmdmﬁdpatedthntmnleadwwardthmtrmaformﬁonﬂpouibﬂiﬁu.

TWO FUTURE SCENARIOS FOR COMPUTERIZED EDUCATIONAL ASSESSMENT:

Scenario 1. Three students are clustered around a video acreen. Each holds a notebook-sized
mputuwhhmhviﬁbbhﬁ&mddauﬁnhgemamputumuhdisphymhmwﬁvemphhmd
video on the screen. ThcymmnmginganimuhtendDmld’sruhmnthmhheinMrcity.
Complexmmgemmthmmmmtedwthun.withtheemphmsmﬁmndddeddmu The
Mmhpaformmmhﬂnﬁommthehmtebookmmmthmﬁgnﬂthdrdedm Two agree,
but one has a different decision. mlyuemfeednthhinfamaﬁonbacktotheshldentgdurbdisphwhg

munwhﬂghnmdedtheaﬁthmﬁcmmﬁabymoﬂhenudmamdtheammm
that led another to use a wrong process. The syztem updated the learning progress map of the one in the
domdnofthemthemaﬁulempuof&acﬁmgandthnaiﬁmlreadingmpoftheothu. When each
Mmmmmmpammmwmhwmwmdedmmmﬁvmme
MMMWWMWM&MWW&MM@MmMMm

M&emhlmhmumhhpaﬁm—hvdﬁﬁdnpidjudmentremﬁhgﬁmm
calculations, the students do not regard it as a test. No grading has occurred, but the experience is
pereeivedbythestt}d‘enuuanopportunitytodebugtheirthinhngsk‘im They were deeply engaged and

computerizeC mastery test of scaffolding level objectives. They knew they could practice any of these tasks
in advance of the high stakes final exam.

prestigious business school. Uningtheword-procminhernotebookeompuber,sheaddedafewthmghts
to her report, gleaned from this day’s discussion with fellow students,

Scenario 2. Am-oupotdxthpadegeomphynudmbinthemidwestmtypingshonresponm
toaudesofquuﬁompfesentedonavideopmjectorattheﬁ'ontofthenm The video involves NASA
satellite shots. Anmmmenteredintotheirnotebmkeomputmvhaninﬁ-mdﬁnktothemin
computer at the front of the room. Studentsknowthattheirrespomea(alongwiththmeofamtiomﬂy
reprmhﬁmnmphofnudmbaHOQotherwhwhmﬁmwide),wmbemdmmwethemﬁm'a

mmqwmmwmedau'mmmﬁmdmmﬂhs(upm&wemight),mdwmgower

eommonerron,neatlylistedandsortedbytheeomputawemight, Those with the greatest desire to

cmgharm-apidly ho;lh)em their mistakes wili go over the missed items (stored in their notebook computers) that
at .
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The parents know that the students will be bringing assignments home recorded in their portable
notebook-sized computer. The PTA has been working with the parents to encourage them to work with
these students at home. The computers at schuol remain on after hours. Telephone and modem linkages
enable parents to dial up for further information about the student's progress on learning progress maps
that visually display the curriculum for the student that year.

Administrators know that they have t- strictly avoid the use of learning progress data while holding
the teachers or students accountable or grading them. They are content to know that an
accountability test will be given at the end of each block, and one that will be reported to the state at the
end of the year. They are comirtable in knowing that the curriculum. is aligned with this assessment, and
that the teachers can tell them how the progress data is looking. They have statistical machinery that
allows them to predict how well each class will be doing as a group on the assessment at the end of the
year. Moreover, they have formative evaluation information th.t gives them early warning that the classes
might not be doing well on the annual assesement.

Curriculum developers use the national item analysis results gathered from 500 selected schools to
update tutorial exercise sets in geography that provide hints and helps for each of the common errors
found in the analysis of the over 10,000 student response vectors. These sets will go out to participating
schools in both printed and electronic form, depending on the delivery system at a particular school.

Both scenarios are consistent with the recommendations in this report. To move successfully in this
direction will require progress in scientific foundations, technological tools, and policy.

SCIENTIFIC TRENDS
Trends in Cognitive and Instructional Science

The first scenario described above incorporates some guesses about where Cognitive and Instructional
Science will position assessment and instruction in the future. Progress is being made in the analysis of
cognitive processes for use in instructional design, individual diagnosis, and feedback. It takes years of
deep cognitive analysis in specific task domains (e.g., the franchise management task) to be sensitive
enough to provide the diagnosi~ of the fraction error and the critical reading error described in the
scenario. The use of mass response collection methods illustrated in acenario 2 might lead to sets of
commcn errors that will permit a more pragmatic, if less precise, approach to the nroblem of building a
pmmpondveandreuomblyinwligentlearmng' environment with built-in diagnoses of the most important

The power of "impasses” - the evidence presented in a problem situation indicating a selected solution
approach does not work — is understood in cognitive science. Impasses are opportunities to learn.
Students are challenged to try using a better approach. If the system contains help so powerful that all
with desire can learn, at least the most common impessen will be followed by hints, cross-references, or
examples to guide thinking toward that better way. Current intelligent tutors that can generate the best
help for each learner are even more utopian than what is envisioned here. We predict the development
of empirical methods that can aid in discovering the important impasses quickly, then lead to tutorials that
teach one or two correct approaches. We do not envision a "super-diagnoser” of any possible error model
that & confused but creative mind may have generated.

Q
The power of social context and group effects is very much on the scientific agenda for cognitive
science today, and scenario 1 honors this by using group discussions among the three students, as well as
on-to-one interactions. Meani~g that will transfer to new situations is "negotiated” through group dialogues
(and inside one’s own hed, as in the reflection afterward by the girl working on her portfolio). Useful
knowledge structures are not memorized from books or computer screens,

wamumma.mmmmnmm«mﬁmmmm.
mmﬁozmmeuﬂddnghemofmhymmwﬁmwmhwmwmdmmm
more meaning and context than individual iters, In sce~.ario 1 a standardized simulation task was used

A
€O
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to teach an integration objective. The impending final exam question using an unencountered problem
would provide a test of knowledge transafer. The portfolio building activity described for one student offered
creative production and transfer.

Learning and Cognition are situated in real human and physical contexts®®. Providing more
project-like activities, and small working groups introduces more of this reatity into school settings.

Metacognition and learning strategies are always difficult to address. The situation is improved hy
introducing simulation exercises and computer tools. Learning strategy is a dull subject without a specific
context, without specific "rules of some game’. Generally speaking, about the best one can do is some
variant of "SQSR" (Study, Question, Read, Recite, Review). Strategies become vital and interesting witkin
the context of some "game" like chess, franchise management, using an outline processor or a spreadsheet
prcgram. Interdisciplinary expertise can be shared, and strategies and tactics for accomplishing different
goals can be discussed within these specific domains. The very discussion thus generated is metacognitive -
- reflecting on t' vught. Specific tools and tasks with a formal structure and syntax can be used to promote
this kind of dis.ussion and self-reflection. That is why the proposed emphasis on strategy objectives,
practiced and perhaps eventually assessed within performance tasks and computer tool use is
recommended.

Conative and self-management objectives are at least as important as cognitive objectives. Conative
objectives deal with motivation, persistence, commitment. There must be research and development aimed
umwdwmdmmmfmmmﬁmwﬁngmdmm
Shﬂmhmedhelpandmﬂdmhﬂdhgupeﬂmbadinguphcbaﬂmgammqmpectmd
value, The two scenarios depicted the achievement of new attitudes toward finding ones own errors -then
fixing them. Newstudmtatﬁtuduwmdulf-mmgementmd%moﬁvgtedwﬁﬁng.reﬂecﬁommd
learning were also depicted in both scenarics. The reasons for claiming that CEA can help are given in
the section on achievement constructs, below.

Trends in Measurement Science

In scenario 2, two recent developments in measurement science are assumed. One is a national scale
of learning progress. A candidate for developing such scales is the Hierarchically Overlapped Skills Test
(HOST) developed by Don Rock®. It is based on clusters of items (sometimes called testlets) that
contain increasing levels of cognitive demand, cach one including the previous level. The constructs
mdubhgmhhvdmmdustoodhythemﬂetdwebpcsandmnbemumtedmdhugh& A
M’apodﬁmmthomk,mﬁkeamm-rdmdmﬁngmle,hahs&mﬁonﬂutﬂity.m
student knows what he/she can do, and what must be learned next. Other new scales diagnostic of
learning progress are also under development®®,

mtheoqmdmwtheofudngmmu(mmdofmdhidudhenm,whkhdonotmmmwgh
context) is the second recent development®!, Measurement science has developed powerful machinery

*John Seely Brown, "Toward a new epistomology for learning’, in C. Frasson und J gauthiar (eds.),
ellj futoring Systems at the Crossroad of Al and Education. Norwooc. NJ: Ablax, 1989.

**Rock (1089)

¢! Howard Wainer & G. L. Kiely, "Ttem clusters and computerized adaptive testing: A case for testlets".
i of Dducational Measurement, 1887, 24(3), pp. 195-201.
Howard Wainer and Charles Lewis, "Toward a psychometrics for testlets", Journal of Educational
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for dealing with item tests. However, it has not yet developed equivalent machinery for measuring
constructs inferred from the highly variable responses made during a flexible performance task, like a
computer-controlled simulation, nor during tool use while producing an exhibit. Item clusters may use
familiar item types, yet group them into contexts that can represent levels of cognitive demand, subsets
of content or process, aspects of procedure, aspects of strategy. Banks of such clusters can be sampled
using adaptive techniques to gain much valuable knowledge about how each student is progressing.

Developing models for incorporating time as a measurement variable constitutes one of the most
important trends in measurement science. Many aspects of time may be measured, including the time it
takes a student to complete a particular task, the time it takes to complete a whole set of tasks, the
amount of time something is displayed for a student to observe. In the past, descriptive statistics on time
intervals have not been kept because of difficulties in precisely timing individual items and component
parts of items. Today, with computerized testing and computerized administration, messuring time is easy.
However, little research has been done in this area. The relation of time to all sorts of proficiencies in
many fields and for many thought processes is a subject for research that will occupy thousands of
graduate students and scientists in the future.

Research Integrating Assessment and Instruction

Succesafully integrating assessment with instruction has been the goal of measurement scien:ists for
Enmombdiﬂimﬂthamompﬁah,khvdmthehtemﬁonofmnysdenﬁﬁcdiﬁpﬁnw
Developmental Psychology, Cognitive and Instructicnal Science, huraan and organizational disciplines like
Orgenizational Behavior and Anthropology, as well as Measurement Science. Since science and
measurement are inseparable, it is vital that the interdisciplinary nature of the field be recognized and
actively promoted by today’s educational measurement science leaderuhip.

In the pe : six years, there has been a flurry of activity in the field of educational measurement -
around the integration of assessment with instruction. For example, withir Educational Testing Service
in Princeton, N.J. there is a recognition that this integration represents a fertile area for research.
Fmeﬁtﬁng&mahmdrmgeofmﬂﬁnguperﬁumdwﬂabomﬁmwﬁhmivxdﬁumdpﬁvaw
organizations, some promising new developments have emerged. A number of these are described in two
forthcoming booka®®. In addition, A new movrograph® commiasioned by ETS proposes a research and
development agenda for integrating assessment with instruction. Through an extensive literature review
MmbdthhardSmwdShnfadUdeﬁtydeﬂmMmdinmhofETSuekwﬁenﬁfywhatm
now be answered through research, organized around four general questions:

1) What constitutes learning progress toward mastery in an instructional domain?

2) What counstitutes diagnostic assessment of learning progress for instructinnal use?

9) How might performance tasks that provide such assessment be designed and evaluated?

4) Howmightmnecﬁnmofperformmemskabemappedinwmimtmﬁonaldomamwg\ﬁde
instructional adaptation?

The recommendaticns Snow and Mandinach make for Systems That Integrate Instruction and

er, R, Lesgold, A, and Shafto, M., Eds. (1990), Diagnostic Monitoring of Skill
odg sition. Hillsdale, NJ: Erlbaum

. Frederickson, N., Mislevy, R., and Bejar, L. (in press) Test Theory for a New Generation of Tests.
Hillsdale, NJ: Erlbaum.

%Snow E. E., and Mandinach E. B, (1990, Pre-publication draft), Integrating Assessment and
jon; 0 t
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Assessment (SIIA) memdstmtwithmuddthemajmre;gnmmdaﬁon;‘mt;:ehthh&apm In
perticular, research and development practice must move as rapidly as possible direction of learning
progress help systems. Snow and Mandinach further point out that in the old paradigms (e.g., CMI) the
instructional tasks and tests remain distinct from instruction. They are hopeful that the field is maturing
to the paint where integration of the two can be successfully addressed. However, they point out with
needed caution that theories of loarning progress and its diagnoeis for teaching in an instructional domain
are not now available. Their agenda for research and development is therefore a long-range one.

Measurement science will be challenged as never before to stretch into previcusly uncharted research
areas. New kinds of growth scales are needed based on sophisticated cognitive and developmental theories,
mthuthanthombﬁmpﬁﬁhmdmeommddﬂntcmhﬂmhmpﬂedofequﬂvﬂmtmippeu
of knowledge. Moreover, scoring methods for complex integrative tasks, performances, and tactical
sequences in tool use will open up new possibilities for computerized assessment. Promising models that
mix growth measurement with diagnosis of different strategies are now being developed. In a way,
measurement science is entering an era pregnant with possibilities for the explosion of new models and
methods, much like the era of L.L.Thurstone when many new methods for the testing of primary mental
abilities were pioneered.

FUTURE PROGRESS IN INSTRUCTIONAL SCIENCE AND MEASUREMENT SCIENCE DEPENDS
ON THE DEVELOPMENT OF GENERALIZED ACHIEVEMFENT CONSTRUCTS

Educational and psychological tests measure human aptitudes, traits, or achievements. None of these
mﬁdbhptvdmlqmﬁﬁuthnmnbeobmvedwiththeﬁvemthuefmbefmappmprhm
mmsupﬁmuﬁsmhdmehpedmmm'mm'ammMpmehhmdswm
to define what wa are trying to measure. These ideas are called "constructs.” In aptitude testing,
mchdo@ﬁaaﬁmmmemmnﬁmhmedavdopedmthuwabﬂity,hdmﬁmmd
deductive reasoning. Psyrhohgjmltesummmeomtrmtsofpersomﬁtyandofdinicqlpntholoy.
Admhdmsmummmbdmdmthmﬁmlabﬂitydwdopedmpnﬁomlurdngmdnhmﬁng.
hmhhvemmtmmuremm&thmhmmualbwdmpmutofmmmmdiﬂmmpﬁm
have a great impact on research, teaching, and on how the public views educational goals®s,

Asmmﬁmedwﬁu,&epmdomhmtmofaimﬁondmwummtwﬁerhthia%my
were for sorting and selection based on intelligence or aptitude. The historical shift from sorting and
nhﬂhghmmoﬁngmw&hhamhgkmh&dwiththeahiﬁam&omapﬁmdemmmentmd
toward achievement measurement. It is worthwhile to understand how aptitude constructs and test
formats infiuences achievement testing today.

Contrasting Aptitude Measurement and Achievement Messurement

Aptitude muasurement cuts across many contexts. When we are measuring an aptitude or
developed ability®*, it is appropriate to sample from many small performances with little specific context.
Decontextualized items get at abilities that are general - they are applicable to many contexts. Aptitude
testing is certainly one of the most succesaful and widespread applications of behavioral science, at least

$¢Nancy 8. Cole, "Conceptions of educational achievement’, Educational Researcher, April, 1990, Vol.
19, No. 3, pp. 2-1.

®College admissions tests, of which the Scholastic Aptitude Test (SAT) is
the moast widely used, are no longer said by their makers to measure aptitudes -
innate and difficult-to-change traits of individuals, but "developed abilities."
A "developed ability” is subject to schooling. It is assumed that the SAT
measures verbal and mathematical abilities that have bean gained through studies
and exercises in many subjects, as well as by activities outside of the school,

taken ovar the twelve years of schooling. Developed abilities take many monthe
and years to develop.
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whmmmenhmmmdhyhowwidebhhundinmiﬁhry,hdmtﬁamded\mﬁomlmﬁngm The
widespuduuofapﬁtmmﬁngMgewawdmwhaiﬁdmabomhavahdﬁy,emﬁty,md
inappropriate uses. From the perspective of this paper, one of the most damaging impacts of aptitude
mﬁnghthniuvuymhnwmoudmﬁvempyhgdiuiwmtypumdmethodshtheqmw
different field of achievement testing.

Aptitude testing methods should not be copied for tests of achicvement. The tendency on the part
of teachers (taught to them in college measurement courses) to copy the item types and test formats from
aptitude testing for use in classroom achievement testing. Aptitude test formats carry with them as hidden
WWMW-M’MMMM(MWWM&MWW
mentality. It also results in a definition of the curriculum as actually delivered to the students that is more
fragmented and decontextualized, not integrated and clearly relevant to valued total performance.

Achievement Measurement is Always in Context. Unlike aptitude constructs, which utilize
decontextualized items, achievement measures are always in a subject-matter context and a value context -
- valued performances werth doing. We achieve at valued performance tasks within the domains cf histary,
science, art, automotive maintenance, etc. The public gives "face validity’ to curriculum tasks that
resemble valued tasks or products in life and work, but the prevailing theory in educational circles is that
mahmldnﬂmkethemtuttoospedﬁe,ehewem'hainhd’mthuthm'edwaﬁng’. Leading
cognitive scientists are now insisting that valuable and persistent learning is always situated in a
meaningful context.

Achievement Measures are Derived from a Curriculum Plan, and from a Set of Values. Theories and
vahuaboutwhathwhdgehludwdeﬂniﬁomofmwhiwememdominmdammicuhmhamp
dwhﬂmuﬁbevamdhwhﬂmughmdu,withhthﬂdothprwﬁoewhmspedfymg
acurriculumistobeginwithcontentoutlines(topia,mtperformametasks),thendevelopaaetof
objectives. These reflect the prescriptions for good performance objectives found in instructional
technology text books. Unfortumtely,theaeobjecﬁvestendtoemphnﬁze.toomongiydmpleverbd
knowledge rather than integrated performances. Later, when teachers are confronted with a fairly
mmmnmmmmmmwmmmmmmobjmmmm
wnm,mipphgthmnﬁmﬁmthehoﬁzmhlﬁbrkpftha'mﬂt’thﬂwﬁthewpw
domain. Atworst,thhpracﬁeemuuuina'mippetcmk\ﬂum'whereﬁtﬂcpimotw
mprumtedummnwtedwommthermdmrmdwthemplumdmtedthinhngprw
used by those knowledgeable in the domain. This is, of course, a caricature of the worst in curriculum

usually it has far too many topics in it). Ashnplmentedbybmyteachmwhomustreadthetop&nl
wtﬁnuandmakeaelecﬁomtoﬂtintotheﬁmemﬂabh(andtoﬁtwhattheyareknowledgeableto
taeach),thebestcwriculumguidemayberedmedtoa'mippetcunictﬂum'whenimplementedina
perticular class,

Evmthebutmnrhﬂmmﬁdethatfdhmtheprwtheofmﬁngperfommeobjwﬁveeofa
primarily\m-balmtunmayprodmeteshmdinatrmﬁonthatarefar&omwbatiadesiredmdneeded
by our culture of the 1990’s.

AdﬂevmmCmuamNeededhOrdetoDevehpBeﬂuIMnﬁmdem
Instruments. hsmwﬁondadmﬁsuhavebeenpopmgwmdagenemllyagreed-uponsetofwm
MMmejectmuerdpermhmeprMpﬁmofthemmpmmidngapmomhuwtmchEg
and learning. Taxonomiee of educational objectives have been the most visible manifestation of this search
for constructs useful in instructional development.

Cmrictﬂumdevehperahuvebeeng\ﬁdcdbytwomdntaxonomieeofobjecﬁves. An objective is a
preauiptionforwritingperformameitemaortasks,sotheobjectivesaelected,andt’.heconstrmtabehind
them, determine the measurement instruments vsed to assess achievement in a curriculum. One such
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taxonomy of educational objectives was developed by Benjamin Bloom and his co-workers®®. It includes
such constructs as memory, application, analysis, and synthesis. Another taxonomy is based on Gagne’s®’
mode] which includes constructs such as memorization, concepts (classification behavior), rule using, and
problem solving. Instructional developers who use these taxonomies are likely to develop objectives at
higher levels of processing than those who use no model or taxonomy, only prescriptions for writing
behavioral objectives. These prescriptions have an implicit model of achievement in them, and this implicit
model is that knowing verbal information "about something” is the predominant objective or kind of
behavior that can and should be measured.

The problem for all developers is that there is a paucity of examples of test item and task types that
can be developed and used within the constraints of the print delivery system. The item types in the
developers workshop of tools are inherently dominated by short instructions on a printed page, and by
short quickly recorded and interpreted responses on another printed page. Aptitude test items offer a
strong example for developers to follow.

CEA is Fundamental in Measuring and Teaching Achievement Constructs. Multimedia presentation
and dynamic interaction capabilities of Computer Administered Tests are more fundamental in getting at
different achievement constructs than would be seen at first giznwee. They are far more than a more
interesting and motivational presentation.

This paper adopta the perspective that the measurement methods of standardized performance tasks,
student-developed exhibits, and process meesures during performance permit curriculum developers to tap
processing weil above the level of the typical print-mediated verbel test item. This is the crux of the
argument for using Computerized Educational Assessment: CEA takes us beyond the print delivery
system to scorable interactions with more realistic, contextuallized tasks. Such tasks are necessary in
mmentofmmimpomm,higha*ordercomu'umthancanbemeasmdandimplemenkduingthc‘
print delivery system alone.

Table 8 is the embodiment of this central argument. It adds another dimension to the four
measurement methods: the dimension of generalized constructs to describe individual achievement. We
will call these "achievement constructs” and note that they are related to curriculum objectives at a level
of generality higher than is found in the familiar taxonomies of educational objectives.

**Benjamin Bloom, Taxonomy of Educational Qbjectives. Handbook I: Cognitive domain, (New York,
NY: McKay, 1966).

*’Robert Gagne, The Conditions of Learning, 4th ed, (New York, NY: Holt, Rinehart and Winston,
1985).
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Table 8
' Measurement Methods
nmw

MEASUREMENT PRACTICE

The four achievement constructs found in the four rows of Table 8 are defined as follows:

1) Scaffolding knowledge is verbal knowledge about some topic (terminology, definitions,
classifications, rules).

2 IWpctmisthecapabiﬁtytoperformwellinnm'reeomplextasksrequiringthe
student to yge or apply the scaffolding knowledge, along with com:on-sense and task-specific skills,
to solve some problem, operate some real or simulated equipment, perform some experiment, write
up a carefully specified paper, or make a carefully specified presentation. Standardized performance
tasks generally take far longer to complete than short verbal itema.

8) Creative production and tranafer of performance capability to a new situation. Creative
pmdmﬁonolﬁwﬁvumqukenudmuwmmbommmldinghowledgelamod
previously, and previously demonstrated ability to integrate into a new situation. The project task
requires them to use their knowledge and skill to design and produce some written or mediated
presentation or some product.

4) Strategy improvement. Strategies are of two kinds: learning strategies and performance
sirategies. Theformerappﬁutotechniquustudenuumwhencm&ontedwithleamingmksfor
thediﬁmttypuofmﬁoldinghawledgs.mhamhghperfommhtapaﬁmtukweﬂ,w
learning to create a new kind of exhibit. Performance strategies are specific to some well-defined
task, game or tool to be used. Strategy improvement is a construct that must be inferred from more
proﬁcimtleamingofaparticuhrtype,andﬁ'ommoreeﬁidentchoieeofmategyandtacﬁcsm
process of performing or producing.

All four achievement constructs have both cognitive and conative aspects. The cognitive aspects
include knowledge and proficiency. The conative aspects include motivation, commitment, desire, and
persistence for achieving at high levels. Conative objectives are of utmost importance. We often pay lip
service to them but do not try to assess them. Theimportaneeofconativeobjectivesleadstoacorolhry
to the central argument of this paper: Instruction with integrated, unobtrusive measurement using all of
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the four kinds of performance tasks will be more motivating and less aversive to students, offering
promising new approaches to the achievement of conative objectives. Consider the negative attitudes and
avoidance toward testing ir. particular and toward studying in general (found among many of today’s
youth). Cana new family of help systems with interesting, challenging performance tasks and assignments
to produce exhibits lead to more engaged and challenged students? As another possible benefit, can
unobtrusive measurement (e.g., measuring use and avoidance) help identify attitudes toward learning and
persistence, leading to ways to improve them?

As with the achievement objectives, the use of computers in achieving conative objectives is
fundamental, not incidental. There are several reasons for this. First, it has been demonstrated
repeatedly that interactive instruction, especially where video discs and video are involved, is very
engnging, interesting and motivating to most students.®® Second, the miss-placed emphasis on "getting
the right answer the first time" (a no-win situation) might change. Most students regzrd an error as a sign
of inadequacy, rather than as an immediate opportunity for unqualified and rapid self-development. Some
educators have similar defensive attitudes. While teachers still have to create an environment to permit
a different conception toward errors, computer use presents a different model. Finding a bug or error in
a computer program is a part of the process, not a reflection on the individual. To find a bug is a welcome
thing; perhaps it means that you have now caught that last trash fish out of the deep trout pond. Perhaps
the debugging metaphor can improve attitudes towards learning from errors. Third, the use of computer
productivity tools to develop student exhibits brings with it direct instruction about the need for revision.
Omeagah,thenudmamuughtmﬁvelythatmoumnotbaibutapanofthepm Finally,
good performance in complex tasks, and products that can be exhibited in a portfolio bring validation from
adults and peers, not just the questionable validation of a grade.

TECHNOLOGICAL TRENDS
Predictions of Technology Trends

%eﬁtemtmmﬁmnetechmhytrendshveryhrgemdspambothpopuhrmgaﬁneson
pumﬂmmputw&endgaﬁmpﬂnmmdjomﬂauaoda&dwithmmpu&udememdengine«hg.
mmmwwmsmmamﬁmmfwmmmmmmm)Mmmm
update on technology trends.*® This large and varied technical literature cannot be reviewed here, but
some themes clearly have potential significance for the fleld of assessment:

0 1P I ] teatn bujlding jties will b more important. The increasing use of
hmmﬁvemmmtechmhgiubypoupshmmhmkedabout;mdudingnetworhng. electronic
mail systems, and the like. "Groupware" is a new buzzword. Groupware is defined as:
Computer-based systems that support groups of peo;)le engaged in a common task (or goal) and
that provide an interface to a shared environms....”°
Iteanrefertofaoe—to-faceintemctiontbatoccmatthemmetimeinthesameplace,oritcanrefer
to interactions that occur at different times and in different places.

Education is a fisld well positioned to take advantage of groupware, It is organized around

%®Gary Borich, The Texas Learning Technology Group Evaluation Report, Austin, Tex:s, 1088,

S*What's new in products and applications", [EEE Spectrum, The Institute for Electrical and Electronic
Engineers, Jan. 1991. Itcontaimnewaofa&niﬂionbitmemorychipthntwﬂlbeinmprodmﬁonfor
products such as notebook computers in 4 years, See also "Fifteenth anniversary summit", Byte, McGraw
Hill Publications, September 1990. To commemorate its fifteenth anniversary, Byte magazine assembled
computer industry leaders to make their forecasts of personal computing.

"OBllis, C.A.,, and Gibbs, SJ., and Rein, G.L. Groupware: Some Issues and Experiences,
Communications of the ACM, Volume 34, #1, January 19, 1991, pp. 39-87.
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classrooms; rituals =i. ! traditions are deeply ingrained, such as appearing in class at a scheduled time,
and communicating verbally and nonverbally with other students and teachers. Effective groupware
could be built around interactive display generators and projectors, with files of materials for
explaining difficult concepts, using animations, scientific visualizations, games and assessment tasks
Mmbedisphyedaﬂdimmedbythechnﬁhmuemﬁppedwithmmmmiu
add yet another dimension to the potential group experience. We have developed Scenario 2 to
incorporate this trend toward group interaction. The ramifications for group problem solving, team
building and gaming are virtually endless when technology is employed in this manrier, but as yet,
it is an area that remains poorly developed in education.

°
ajlQ HICTCt
»

ler netw scome ead, easy to use, psingty connected
mmmmummfwm-mmmmwmmmsm
Stand alone personal computers do not lend themselves to CEA. The expansion of networks opens
upthepouibﬂityofwcmhmmmhdmedatnumeromhoctcmmmuwithdeﬂveqw
individuals in homes and workplaces. Because of the security and privacy issues associated with
Mgh-shkumement,theﬁndaof&mmtmdewaﬂabhhthhmnnerwmmoetﬁkelybe
help systems where disclosure is not an iseue.

two the world has witnessad a remar le development in graphics, color and video display
capabilities. mghmduﬁmhmwﬁvemhh,vﬁeqanm&omandgmphhlumhtafaeum
becoming familiar to millions of computer users, Visualization techniques offer a new window on the
mvhmbm".Spewhreeggniﬁmhmhnpmhntgodthatwmbeeommmlyhnpmmt
for assessment and instruction. Digitized video on magnetic disks is a current reaiity that will
become more available and inexpensive in the future. A merging of video and computer technologies
isupected,uwenutheintepaﬁmofmmputermdcommmhaﬁmstechnobgiee.

L) ]

19, &8 )C ! JupUue L0 gecrease in size and cost, and
As discussed in connection with 3, the notebook computer offers this same
pwubﬂityandmwﬂity,andformeﬁmcﬁonditythanpﬁntedmwersheeu. Notebook
mmwsmmeﬁmueqﬁppedwithhmdwﬁﬁngdetecwmminhniﬁngthehnpormof
keyboarding skills in computerized assessment.

npute s will extend our definition of literacy Widespread accessibility of low-cost personal
mmmmmmmmmmmwmhwm
equationaolveu,etc.willinueaseandwilldeﬁneamkindoflitemcy. This new literacy will
become a part of the definition of an educated citizen in the modern world.

ADMINISTRATION OF FUTURE CEA SYSTEMS.
Trends in Paper Testing.

Fineminedmnnerundadvancesinimageproceeaingwillopenupanewrangeofmnableitem
types beyond multiple cheice. Several of these were discussed in Section 1, including figural response

e M icientific
Visualization, Vol.1, No. 1, Jan/Feb 1990, pps 20-27. In the premier issue of a new magazine on this
subject, visualized neuroscience models "takes us into thr skull’ to give ux insight into the brain’s map-
making ability, '

G.CmDquﬂiﬁngmewuiﬁonofaMwithabhwkm\w,ngLMM
Scientific Visualization, Vol. 1, No. 8, July/Aug 1980, pps 24-29. A short time later, another visualization
takes us out into the distant universe to "see" a rare astronomical event.

"Eric L. Schwartz, "Computing the anatomy of the brain", Pixel, the Magnzine of Sci
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items (marking, drawing lines and arrows) and Clcse-elide (marking key words or inappropriate words in
a sentence or paragraph). These item types are easily implemented using interactive computers. Portable
answer media, in particular scannable answer sheets, are by no means restricted to 4- or 5-alternative
multiple choice items.

The following response formats include those categories of response entry which can be accomplished
on both answer sheets and electronic media, and those only possible on electronic media.

Respones entry
Pointing/selecti .

0 Select from a limited set of choices by darkening a box on an answer sheet, or point to one of
several choices and click with wse, cursor, moving field, or finger. Type the number or letter
associated with the alternative selected on a keyset.

0 Mark a part of a picture or line out a word on a high-resolution scannable answer sheet (Also
possible on a bubble answer sh: .t if objects and words are carefully positioned over the bubbles).
Use a mouse, joystick, cr trackball to do the same things on a computer controlled display.

0 Grid-in a few digits and symbols on an answer sheet, or type the same on a keyset.

o Prhtbyhnndonhighreaolutionansweraheets,orprintwithastylusonanotebookcomputeror
sensitive pad.

o Use a keyboard to enter character strings.

0 Move a cursor among a set of letters and words, selecting them and dropping them to a line
where the response string of characters is being build. Signal when completed.

Draw ki :
o Recognize line segments or directional arrows on high-resolution answer sheets.

o line and shape information drawn with mouse, light pen, finger, or stylus on a sensitive
surface. .

o Digitize and recognize a given set of words.
Duration of response:

0 Measure and record the latevcy before the response begins (thinking time).
0 Measure and record the duration of the response; its entire composition.

Measure pressure, velocity, and direction:
0 Use joystick, steering wheel, or other special interface device to input force, velocity, and direction
information into the computer, and adjust displays accordingly to provide immediate visual feedback
to the user.

Trends in Interactive Electronic Devices
All the response possibilities discussed for high-resolution answer sheets, vocal utterances and

response times are possible on Educational Testing Stations as well as Laboratory Workstations. In
addition, the display options that follow are increasingly being made available. Expense is a major factor
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in both display and respon 'e options, but costs have been decreasing rapidly in the memory requirements
to generate the displays, i. display drivers and monitors, and in response devices.

'Trends in Information Display

Text: Multiple character fonts are available and the future will see a huge array of standard and
customized fonts. Students can reflect their own stylistic "signatures’ in student products. Graphical
user interfaces assure that "What You See Is What You Get' (WYSIWYG).

Line graphics: Increased resolution, drawing, and animation capability will put drawing power into
the hands of students and teachers for illustrated exhibits. Color displays will become easier to
produce, edit, and display .

Photographic still images: These are increasingly easy to scan, digitize and manipulate for student
exhibits and teaching materials,

Digitized Audio will be increasingly inexpensive and available for musical backgrounds (and
foregrounds), and voice reproduction. Synthesized voice and music will be so availuble and
inexpensive that it can be used increasingly both by materials developers and by students for their
own exhibita,

Video (motjon): "The technologies of video and interactive computers will merge’?.

Control of time intervals in displays will be used for many instructional relevant purposes, e.g.:
testing of aptitudes for perceptual speed; pacing for practice in tasks in which speed is valued (e.g.,
typing). :

Richness and realirn in performance tasks and simulations will increase greatly in response to the
dramatically improving capabilities of user interfaces. These capabilities, when coupled with the low cost
and wide availability of "desk-top multimedia publishing”, will enable more educational groups to develop
their own materials, or at least to customise existing materials, Indeed, individuals "in their garages",
having knowledge and experience in some valuable area, (perhaps acquired as a hobbyist), will be able to
develop performance tasks and games with potential for instructional use. This will occur independently
of the authors having knowledge or expertise in cognitive, instructional, or measurement science. Thus
the results will be of mixed quality.

Notebook computers for each student

The trend toward reduced size and cost and increased capability has frequently been noted in the
preu,withinnwaﬁmappaﬁngahnootmmthbhmmputermgaﬁnumdnempaperm Computer
companies will continue to increase notebook capabilities so that the price will not have to drop too low.
For educational applications, modest processing capability and modest resolution monochrome displays can
be produced relatively inexpensively.

'I'hiswillmakeitpoasibletoprovidestudentsintheclassroomwithresponse.devicesthatcanbeusedin
a variety of ways:

1) To answer questicns (i.e., Keyway system) on a printed worksheet, at the student’s own pace.
The notebook can then be taken to a file server at the front of the room for immediate scoring.

"?Doug Fngelbart, BYTE, Sept., 1990.
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2) Utilizing telecommunications technology or a computer network, group assessment questions can
be projected onto a large screen at the front of the room by the teacher, who can access an archive
of interesting display and assessment tasks. As students enter in short answers or selections to
ﬁuﬁtodchoheitmﬁmihdchokemﬁmndmhm&&eahﬁsﬁmlnmhsmbedsphyed
to the whole ciase. When the items are a constructed response, the teacher can highlight and project
particular answers that are worthy of group discussion.

3) As in Scenario 2, these group response devices can be used to collect pretest data, calibration
data, and formative evaluation data from a sample of classrooms around the country.

4) Mmspemhﬁvdy,withtwowaympmuandamhophme,sﬂxdenﬂmﬂdreedvempiuof
visual materials, stored in a notebook computer along with a digitized version of the teacher’s
presentation, Eachuudmtemﬂdthmgobackandrwiewthemwﬁvityudngthcbypertm
graphical user interface, insert additional notes, edit existing notes, and erase what is not interesting,

5) Also more speculatively, at the end of the day, the teacher could transmit individual homework
assignments from a teacher’s workstation to individual notebook computers. These tasks could be
customized to the needs of each student, through individualized learning progress calculations made
by the computer. .

MWohﬁmofmtebmkwmmmnfmthefommﬁstedhwmidmdmimpmmme
reality in the evolution of CEA systems. Groupware for education will continue to evolve, and will also
Mmmdmefmdwhbmkm&mhm&ﬁveﬁdeoahnuhtommdmspm

Special Simulators

As discussed in Section II, simulators are currently in heavy use in both military and industrial
settings, 'lheymhighbwecﬁvewhmahimmhyofdmuhtwahmdwmplmeinsmnﬁond&ne
spent in actual equipment or in more expensive simulators, Thus a typical hierarchy of cost and complexity
in pilot training for advanced aircraft is:

0 Mjmgjmm_hmﬂmﬁmzhthefm-dimenmndmementdmummatmm
Mﬁlu.mehaqmddmukanemmlymuavhuddhphyofmemmdmdakywhﬂe
a trainee operates actual controls in the realistic cockpit.

- osivion crainer coots $200 per hour, Here the pilot sits in a nonmoving mockup of
the cockpit and learns the position and function of dials and controls.

o $20 per hour is the cost for time spent in the two-dimensional vi simulator. This is a
pumﬂeomptuereontromngaeolordisplayandvideodiacplqyer. Many tasks at the scaffolding
;vndmdsomemwgmﬁmtuhmnbepmhedmthem&ommtoﬂhem&mendom

ulator,

L) tﬂ ] A DU

Theeootbeneﬂtcabuhtiomwithhienmhieaof:imuhtoniseuytooompute. The more training
objecﬁvuﬂmtmnbeweompﬁahedhthehwuomtdmuhmﬁthomlouofeﬂ'ecﬁvmmthebetter.
Ithmthemhtheuahingofwmmerdﬂakﬁnepﬂoummdrﬁmm@thahrgemmtﬁm
wmwmmmmammmmmwmmmof
mnytnineeatopreparethemadeqmtelyfortheirﬁrstﬂigbtuaeopilot.

Nmthumﬁdaﬁmdtheoljmﬁvuumhbvdhwmpﬁahedthroughpufomamthatthe
integration level in the next higher simulator. That is, one simulator is validated by time reduction in the
next most complex simulator. The final step is the actual work itseif, .

IthhteresﬁnghspwuhteMwhattheﬁmmmaybﬁngforedumﬁomlmment It is
ﬁ-equentbtheeuethatunedhardwareeanbedonatedtoschoohbyindustry(onlythatwhichisnottoo
costly to maintain). Vocaﬁonalachwhcanber&tooledwincmmundmaintahoosﬁymanufwtwing
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equipment, robotics equipment, etc. donated by industry. In a majority of classrooms, however, we will
be fortunate to move up to the computer-controlled videodisc player to be used by the teacher in a group
mode,andbyafewstudmuatapproprhtelymduhdﬁmudmgﬂuduyandmmg. Excellent
dmuhﬁonsofeomphxhtepaﬁwtuhmbeadmhmteredonthmdevieu. There might be a hierarchy
of less expensive electronic devices below the simulator whi'h prepare students for integration tasks
presented on videodisc-based simulators.

Standardized performsnce tasks

In the discussion of trends in multimedia display and response capebilities described above, the
opportunity for developing many more standardized performance tasks was discussed. It should be
mentioned in this respect that advances in software methods will make this mor-e and more plausible. Not
only will "multi-media desktop publishing systems’ become available to produce more standardized
performance tasks, but advances in software development like object-oriented programming will help. Full
performance tasks, or parts of them, could be programmed as reusable objects that could be used in
different ways in the production of modified or improved performance tasks.

Unfortunately, as educational games and simulations are developed by those without adequate
background in instructional design and measurement, science, there will be a plethora of interactive
performance tasks that do not fit well into any curriculum and that violate important principles of
instruction and motivation, without clear instructional links. As Lepper and his colleagues’? have pointed
out:

"Their designs have often violated sound pnnczpln of learning and motivation thecry. Without
clear instructional links, they become discovery zarning problems. Many students are wiahle to benefit
from the implicit instruction.”

Expert systems techniques offer considerable promise for future scoring of computer-based
performance tasks, and for computer-generated diagnostic feedback during the process. A collaboration
between measurement scientists at Educational Testing Service and Artificial Intelligence experts at Yale
and Michigan has led to promising demonstrstions in the field of computer programming. High school
students learning the Pascal Programming language were assigned standardized tasks calling on them to
writ2 a program. An expert system program called Proust scored a set of such programs previoualy scored
by humans in the Advanced Placement Test for Computer Science. The expert systems were able to
produce scores for between 82% and 96% of the solutions, with high agreement with a human reader on
the correctness of the solutions’®. This team of researchers is seeking ways to integrate this powerful
computerized assessment model with jastruction™. Artificial intelligence methods are used to provide
partial-credit scores and diagnostic analyses on each item the students work. Cognitively-based
measurement models are used to generate diagnostic statements based on commonalities in performance

73M. R. Lepper, and T.W. Malone, "Intrinsic Motivation and Instructional Effectiveness in Computer-

Ba-edEducation inR.E SnowandMC Farr, (Eds.) Aptitude Learning and Instruction, Volume 3,
_ active (Hillsdale, NJ 1987) pp. 255-286

: 8 egulation in Learning and
mmmm Published doctoml dissertation, (Stanford, C Sianford University, 1884).

MHenry 1. Braun, Randy Ellict Bennett, Douglas Frye, and Elliot Soloway, Scoring constructed
ﬁgmmm Journal of Educational Measurement, Summer, 1990, Vol. 27, No. 2, pp
108.
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across tasks. Models for diagnostic feedback back come out of work with expert systems’. Scoring of
complex constructed responses to standardized tasks in mathematics is another area showing promise?’

Tools for Student Products

In the OTA technology diffusion paradigm, the third stage is to go beyond substitution and
incremental improvement to the introduction of whole new concepts. Process measures during tool use
as part of a help system are perhaps the premiere example presented in this paper of such an evolution.

wwmmmmmmwmm-m

publishing to produce their own creative products. The classroom environment is suitable for continuous
measurement and feedback. Thus, virtually all of the students’ responses and response times while using
ooﬁwantodsmnbemmitmedfwﬂwpwpueofprovidinghamingmhelp. In this case,
measurement can be used to monitor the use of different tactics and to suggest sequences of coramands
or activities that the students have overiooked, forgotten or not learned. Before on-line measurement is
in place, tha students can print out interiediate and final products and submit them to teachers and other
graders, including fellow students, for constructive feedback. This peer review models the process th: +
professionals often use in developing their own products in the workplace. Ratings and feedback can be
abstracted by the students and summarized in their own portfolios.
' hthamgingpwﬁdhmﬂtmmwbdngdcvebpedhhadinguhmhpoﬂfoﬁmimhxdenﬂmly
favored completed products, but also personal journal information where the students learn to audit their
own learning processes during production of exhibits. These reflections also become part of their growing
portfolics,

Tmenmphadprmiﬁngqﬂemdmebpedfmhighmmﬁng,mumutheleudemmm
the potential for integrating assessment with tool use are under development at Educational Testing
Service. The first of these deals with the simulation test being developed with the National Council of
AmhuemRaﬁeWBmmmCARB).ﬂwmndkawoMpmmdngteatbdngdmhpedbyEPSh
cooperation with the KEE corporation.

In the NCARB simulation, a comjuter-aided design-like system is provided to the candidate for an
certificate in architecture. Thesysten.misve:ymer—&iendbandmemblestheoﬁeeofapmcﬁcing
architect. A reference book can be sele: ted from a shelf on the desktop to review statistics, construction
standards, etc. Onammemthemuctmunmededgntoohmbep’nlayingmnahmme
design according to a standardized specification given in the test instructions. There is & lot of flexibility
inthcwanyduigneanbeapprmched,ulonguitmeeuthewennspeé i This falls under
thecatem'ofammardindperformmtuk,butitiaimplementedineontextwiththeuseofa
computerized tool for developing the devign.

Havhgdmcbped&ewﬁwmfwmmtuﬁdeddeﬁmmmmmmmdenﬁsuhmebemm,
withmenmthemofdmmnhgwmmmmndmingmeprmofmgthuewoh
NCARBwhhuhmethhdedgnhahighmkuwﬁﬁmﬁonenmmﬁmbmnudentucmmm
mhngamhiucuemﬂdbmeﬁt&omsmhadadprhthdrmoﬁieemmlyuawoLuthem
mmmtdmﬁshMmsfmmhgmﬂm&mphblemdmdimr&pmma
dedgnlpedﬂmﬁon.thiainfomﬁmwuldbemedwprwideimtnnﬁondfeedbmh The scoring system
foremeneneeinded@isrefmdtoproemmttonomthatmnkpeople. Therefore, the processes
mmm«mmuwfwmﬁmmmmmmmmmvm
practiosandfeedbackinreal-worldtasks,hmluding%askalikethosetobegivenlateronthecertiﬁcaﬁon

"Mt.u'k M. Sebrechts, L. LeClaire, LJ. Schooler, and Elliot Soloway, i .

Toward generalized intentiog-
based diagnosis: GIDE. In R. C. Ryan (Ed.), Proceedings of the 7th National Educational Computing
Conference, Eugene, Oregon, International Council on Computers in Education, 1088, pp. 237-244.

""Marc M. Sebrechts, Randy Elliot Bennett, and Donald A. Rock, Machine-scorable constructed-
response quantitative jtems: t between expert system a) An raters’ scores.
Report RR- -90, Oct. 1, 1990,
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examination.

ETS is following the diffusion research model by first substituting a computer for the paper and
pencil design tasks now used in a high-stakes exam, aud graded holistically by humans. This pioneering
work nevertheless paves the way for a new approach to interactive help system that uses unobtrusive
process measures during tool use.

The second example involves a simple word processing test with the ability to identify different
operations and tactics used by the skilled word processing professional. The test can give feedback that
is diagnostic by identifying specific processes that are and are not mastered. Since word processing
manuals and tutorials are quite complete for today’s products, the test can be used for screening, but
beyond high stakes uses it will certainly be used in the field as a learning progress help system. The test
consists of standardized reference tasks (assigned papers) to type. Students can take the test as often
as they like. Feedback and instruction can be added to the interaction that occurs while students are
working on the standardized tasks. The sequence of such standardized typing assignments could take
students through all of the features of the word processor, providing an integration test with built-in
diagnostic feedback during tha process.

- These two examples of urobtrusive measures taken during tool use are illustrative of a new form
of measurement wholly different from previous measurement approaches. Process measurement can be
totally integrated with instruction, as well as with production and performance in both standardized and
creative tasks,

Bepresestation Processing Software,

Thmhamwingfamﬂydwmpnurtwhthatmnbemedfmdevehpmgstudmtexhibiu These
tools offer significant opportunities for integrating assessment with instruction. It is useful to cail these
‘tools representation processing software, because each of them takes some form of information
mmhﬁm@e..te&paphh.wnm@mm&ﬁm)mdwovﬁupmd@ﬁmmmd
tools to prepare, shape and present representations using each of these forms of communication,

ext and Linguistic Processors. Tools are now available and will be improved in the future. These
indudemtﬁnemfmmﬁngmdthhhngaboﬂwhathwbewﬁmmWrdpmonmd
linguistic processors. Linguistics processors are the least familiar, but a few are available in the form of
grammar checkers. Ithpodbletoprminfomﬁmatammhdeeperlevelthanapeﬂcheekingor
grammar checking, by looking at sentence structure and style.
hapﬁeﬁmmmdbym,ammmwmwwﬂe"appﬁedmofhiﬂhgm&
wowdngwﬁm'WdeAp,'mehMbempadedMMbywhus The WordMap
mmuzooduammdruduhmmlandmﬂdtherefmbemdumwwm
essay. In low-stakes assessment this would save teacher and student time. Fellow students and teachers
could perform the definitive readings. Inotherunpubliuhedmearch,Lyﬂehupioneeredthedevelopmmt
of scales of linguistic maturity. By processing selections of standard writing, a score can be generated that
wmmmthenudmt’astylemawnﬁnumumrefmdwpmdmtypmamhgmde. Selections
&mgutauthmmphcedmthemle,uweﬂuulectedwﬁﬁngmmplesdhdiﬁdmhknm
within local schools or communities, Themulﬁngacalehaspotenﬁalualeamingpropmgrowthwale.

axt Search and Viev 888 Qware, Large textual databeses now available on magnetic or
opthalmmoﬁuaﬂwmdenuwfomuhuqueﬁumntdirmthewmpuwwmmhmroughmmd
reh-icveintemﬁngpamgeaﬁ'ommemlbooksaboutatopicofinterest. They learn to assemble key
words,performnarches,undtoextractandthinkmmanydocumenta. They may use "view
pumecdnraoﬁwmtoauembleseuchmateﬁnlintoanmizedﬁ-amwork It may be an outline
framework, a hypertext framework, or the process material may be clipped and pi: iato a word processor

"®Lytle and Breeland, 1989. AERA paper.
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Graphics, Programs like MacPaint, MacDraw, PC Paint, SuperPaint, and others are now widely
availahle. These progrums give computer users the ability to develop graphic productions of great
sophistication. Libraries of "ClipArt" are available and can be uscd quickly by experienced users to
graphics in View Graph formats. These displays can be presented directly from the computer screen or
printed out and turned into handouts and transparencies. These programs allow icons and line drawings
to be asscinbled, and going beyond, they allow photographic images to be scanned in with grey scale and
even color. More sophisticated tools allow video processing. These production tools bring with them good
inherent motivation. Stucents are able to produce exhibits that incorporate excitement, interest, humor
and self-expression. Moreover, students are challenged by the highly professional media they see around
them. Graphical information processing systems may be instrumented with unobtrusive measures and with
learning progress feedback.

Numbers and Formulas. Schools now use data bases and data sets for experiments in a variety of
flelds. Tools include spreadsheets for numerical calculations, and software tools that allow mathematical
transformations, proofs of systems of equations, etc. For develeping mathematical models, special
software tools like Stella® are used to develop general systems models with underlying mathematical
modeling components.

i Systems that allow verial and logical statements to be processed using
theorem checkers and theorem provers are not widely available in schools, but will be in the future. These
systems will be the descendants of current expert system shells. Some college classes use these tools
currently. -

Process measures during tool use offer the best CEA alternative for assessing strategies. Strategies
are defined within the context of optional ways to use these tools, and also within sets of tasks having a
common goal structure. The use of the tools explicate tae strategy and tactics in a way that is accessible
to measurement and feedback. Needless to say, a great amount of research and development is needed
before promising new kinds of process measures during tool use will enjoy widespread use in schaols.
CEA systems utilize computers in the processes of development, distribution and analysis, as well as
administration. Technology trends in these areas will be discussed in the following section.

TRENDS IN DEVELOPMENT, DISTRIBUTION, AND ANALYSIS PROCESSES FOR FUTURE CEAs
Using Computers in the Development of Meast.zement Instruments

Current mark sense testing has a very well elaborated development process with supporting
technologies. Future CEA systems will require an infrastructure with new roles and skills for personnel,
as well as new technological tools. A selected few are described below:

o Job Analysis, New methods of job and task analysis will emerge. Many new jobs of the future will
involve technological tools in some way . Any of these technological tools can be augmented to collect
process data from both expert and developing job incumbents. Our prediction is that computerized
methods of collecting data from technology-using job incumbents will make it easier to determine the
typeaoftasksmgngedmbythem,andthediﬁ'erentstandardaforperformhxgthesetasks. In

"*Jostens Learning Corp. now offers Compton’s Encyclopedia on-line for students to use in this
manner.

803tella user’s manual.
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addition to online data collection, Job analysts/cbeervers will be able to capture isformation about
technical and non-technical tasks in video, audio and symbolic forms via notebook computers in real
time, at the location where work is performed.

o Developing Items and Tasks Item banks are now n use, but these are relatively primitive.
Ahhm@smmdamwchndogy,theyhavegmmmhtemditmmlbwith
multi-media editing capabilities. They have made the text easy to edit, but not the graphics. Item
bankdevelopmmtuyﬁmmamﬂydeﬁamdhpmdmprhtedteﬂqmtmulﬁmedh
interactive tests. At this writing, no test development group has integrated graphics, animations,
audio, and video into their production systems. The trend toward multimedia will change the nature
of item banks, along with the associated item editors, and types of tasks selected from these banks
will improve and become fully integrated across media.

The trend toward performannz tusks and exhibits will ; rolutionize the meaning of the term "item
bank’. Many of the tasks stored in these banks will not be items at all, but standardized
performance situations. Somse of these will consist of rather complex simulations with associated
scoring protocols and keys. Thus, the n¢ « item banks will become sophisticated computer programs
withauodntedmﬂﬁ-mdiaﬂu-dmuhﬁmtukswﬁt&nuobjwtgwmmpuedofoﬁmuﬁng
object-oriented programming techniques. There is potential for using these banks in muitiple
sitmtiomoolongasthenewusecanbemompaniedbythedevelopmentofanewscoringand
feedback protocol.

=0

ata ection for Pretesting, Norm Development and Item Calibration. One of the most
aigniﬂc‘ntbreakthrouglninCEAeouldeomethmghthedevelopmentof distributed network of
tempqunhmﬂwﬁondtuwhuerummdatg(hdudhgpr&rupmndata)mﬂdbemﬂected
rapidly and tranamitted elect-vically overnight to permanent data centers. This concept is depicted
in Scenario 2, and its significance for educational assessment cannot be overstated. Achievement test
nmmanowuaedinschmhmmetyupdatedmoreoﬁenthanomeeverymenym As the
population changes, these norms become less and less appropriate as interpretive frameworks for
assessment, Withon-linesamplh:gfornormdata,itcouldbedoneannually.

IthammemmmmfwmmwmmeuMMn
dteqandtoadministerthmhnrumenuwiththeneeemrquﬁtyeontrol Other costs are
transmitting the data back, scoring, and processing. The idea expressed in Scenario 2 ensbles a sample
dmhoohhprwidempmhmnhofitemsmdhﬁgpmﬁdingmemiﬁngoppoﬂuﬂtyw
mmmwmmmmmmfmmwmehmwm
NaﬁondmemenﬂﬁketheNAEPsuweymﬂdhkepheemmhmequkklyometheh&uMm
oftestschools(andthemeamfwahi&ingmdadiusﬁngthemmplemanaregtﬂarbuis)hdevehped
haddiﬁomstatemdhmlmrmmuldbedwdopedﬂmtmommatebmﬂectthedymmicmd
changing demographics of communities.

Decentralized Development.

Omofthemostmuhbleprmpecuformteriahdevdomentwﬂlbethepmpecufor
deeentnlizingtheaecomplexanddimmltdevelopmentproceues. We have already witnessed this rapid
deomtraﬁnﬁmhtheevohﬁonnfmirwomputer»baseddeaktoppubﬁabingsystem& As "desktop
mdﬁ-mdhprodmﬁmsysuma'beeomebuupmdvemdmmwidebmﬂuble,thhphmmmwm
further extend these capabilities, 'I‘heneteﬁ‘ectist.hatschooh,academicresearch&dlities,and

hmﬁmmdﬁghqmﬁtymﬁrﬂsdwebpm&%hbhmmmmmdammmtmwmbe
developed and adapted to the unique needs of communities.

Avndlh:khmhngﬂmelomladaphﬁompmmudvemdwduﬁomryinthekqmﬁtywinbe
the widespread implementation of formative evaluation software in schools where computer-aided,
interactive teaching and assessment materials are used.
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New Poaribilities for Formative Evalustion and Improvespey... With local file servers and networking
to all of the int. “active learning/testing stations within a school, response recards on all students can be
kept for assessment purposes. Some process measures include response times for items and completion
times for lessons and modules. Software can summarize this data dynamically so that it is available quickly
to help determine what is or is not working. ‘

Ideally, there will also be incentives to encourage schools and districts to send their data back to the
developers of the systems so that those developers will be able to obtain sufficient response data to
effectively revise the expensive and complex systems for really improved future editions. The data which
is actually used should come from carefully sampled and representative locations. Since there will be an
hamdngdmndfwlwaﬁzathnofdhaﬂmof&emodﬂuham&wmbeimpahntfmhml
users to have access to formative evaluation data. Richard Snow and Ellen Mandinach®® have made this
point well in their important document on integrating assessment and instruction.

*Formative evaluation, and adaptation to local circumstances, is the gign quo non of research and
development on systems that integrate instruction and assessment (SIIA). We do not imagine SIIA as
being 'designed’ and then 'implemented,’ as those terms are ti~=dly used. Rather, we expect that each
such system will evolve in its time, place and domain as a function of continuous monitoring and
tinkering, even though each may start from the rough common scheme described in this report...

It follows that SIIA design should contain provisions for continuous monitoring and evaluation of
its own functioning in each usage."®? ,

Trends in Distribution for CEAs.

thmélumh&fadl&a&dbytdemmmimﬁomtechmlogy,mpmﬁapmmiﬁng&mdm
can influence the distribution of CEAs. As mentioned in Section 2, it has already been used for disiance
registration and for testing at permanent testing centers. Moving beyond the distribution of assessments
wﬁxedumuutempmryhcaﬁomwbmmmmknﬁomwmbemdwmkehtermﬁvehdpayatema
mﬂablefmmnymljectmhpeopkhthhandhm&adiﬁonﬂle&mhgmﬁomenw Help
mtmadon«nqﬁedahmnﬂymnﬁduaﬁmhhmtmﬂighsmkmmmnmmpmﬁding
vich opportunities for innovative, interactive multi-media applications.

CEAmdhelpuystemsm"hobehugmudinwre&dnhgprmfwtemhemdism
administrators, etc. CEA.andhqlpsystemsapphcaﬁomunbeneﬁtﬁ-omdistameleaminguammof
in-service training. Broadcasts fi outstanding teachers could be followed up locally with practice
uaingb\ﬁlt-inprofeuiomldevelopmentmterialsinthehelpsyatems.

Awmbhaﬁmofmmﬁewpahﬂedigitﬂmedin~ﬁkamgneﬁedhkgoﬂhldiahor&pgoﬁu
addiﬁonddeﬁvmdtmﬁvuhmﬂingpﬁnbdhohwwmgtdmmunimﬁommammof
distributing tests to remote sites, Portable media is also an alternate means of sending response dats back
toeentralsitea.Portablemediaineombimﬁonwithexpreumaﬂmdovernightdeliveryoptionsmay
sometimes offer a more cost effective assessment distribution alternative.

Trends In Analysis and Record-keeping.

Among the problems encountered in implementing computerized instruction and assessment systems
hthewerwhelmhgamomtofdatathatmnbermdedabontmhstudentrespome. Coherent models
forreeording,prioritizing.organizing,rehiwingmdamlyzingaﬂthenewkindsofﬁmeandrespomdata
have not yet been developed. Advances in measurement science are closely tied to advances in the
technologies and analysis methods associated with record-keeping,

*Snow, R. E., and Mandinach, E. B., Integrating Assessment and Instruction; A Research and
Development Agenda, 1989, Pre-Publication Draft.

) %2Richard E. Snow and Ellen B. Mandinach, Integrating Assessment and Instruction, a Research and
Development Agenda. Research report, Educational Testing Service (aud press).
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Aammwemmtademebegimwdevebpmodehutﬂizmgﬁmeasakeywﬁahh,mmmd

rwod-keepingqnemswmbenvhedw.dedwithﬁmedm%eﬁmemhbhhmmempedof
bemmhgmeofthemhnmmwdsfmmmchmmdwahmﬁnmudhhnpmvhgm

Among these many role changes, theroleofthe teacheristhemostcentmlandthemoatsigniﬂcant.
How CEA Systems Will Impact the Rod> of Teacher

successors, Integrated .
to accomplish things not in the teachor's previous repertoire. These novelties require role changes. It is
also necessary to learn new technical skills,

**Kerns, Thomas, and Bowser, John books,
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Both the shift in role perception and the need to develop new technical skills takes time. The former
seems to take from 3 to 5 years with an Integrated Learning System, in the authors’ combined experience.

CEA, especially help systems that integrate assessment and instruction using computer technology,
provides even greater demand for both role shifts and new technology skills. In this pressure to learn new
ways, teachers and other educators will be experiencing the very driving force of technology transforming
jobs that demands that they prepare their students for such changes. But many teachers themselves are
recent produs of a snippet curriculum. Not all have the thinking skills society wants them to inculcate
in the young. Not all of them have the confidence or willingness to learn new computer skills,
measurement know-how and assessment sophistication, ability to use representation-processing software
tools, or bar-code readers, or portable computer scoring systems for holistic . ~oring. These future
technologies move into the inner sanctum of the classroom. At least ILS systems remain in a room down
the hall, and have a trained systems administrator on duty to take care of the hardware and software
complexities.

Soifrolecbangeefor[[ﬂaystematakes-syears,howlongwﬂlittakeforCEAhelpaystems,amore
sophisticated member of the ILS family?

No one knows yet, but the prospect is not as bleak as it appears to be. Not all teachers have to
adopt systems like those described in this section at once. The early-adoptor teachers are already eager
and willing to try it. They have already thought of their own solutions to many of the cognitive, conative,
measurement, and management problems CEA systems are designed to solve. America will learn from
these early adopters, especiaily if we back them up with formative evaluation and look for slow, progressive
evolutionary improvement, not revolvivion.

Pdicymuesmfmmdonboththeeducauonalmdeandthetechnoloymde Educational policies
have been discussed. Technology policies and standards in telecommunications, computer use, and
software can affect the ability of researchers, developers, and practitioners to use these technologies in the
manner proposed.

Barriers to Widespread Implementation of CEA Systema

The largest barrier to' the introduction of CEA systems using interactive computers is the
implementation of the infrastructure. The hardware must be installed i -chools, and the professionals
must be trained to adapt to new technological aspects of their jobs, They must be helped to expand and
define their own roles in a progression that will take several years, and will find them performing different
activities and different roles than at present. Beaideatheinﬁ-astrmturebamer several other barriers
currently exist,

Hardware Compatibility Barriers.

There are two mujor computer hardware standards which exist in schools. These are represented
by Apple and IBM microcomputers and their compatibles. Only recently have hardware and software
solutions been provided which allowed Apple programs to run on IRM hardware &nd vice versa for IBM
programs to run on Apple hardware. An additional barrier is the limited processing speed, text, and
graphics capabilities of many of the current microcomputers implemented in schools. Many of the school
computers have eight bit computers, while the state-of-the-art is 16 bit and 32 bit microcomputers. Text
resolution on many of the computers in schools is limited to 40 characters per line and 24 lines per page.
This limitation is very restrictive for reading comprehension items using exiended text passages or for
problem solving items. The graphics resolution of many of the microcomputers is limited to 320 x 240
pixels per screen. This graphics limitation is very restrictive for presenting realistic line and shaded
graphics. A further barrier is the incompatibility between monochrome and color displays. Most significant
for CEA, record keeping requires networked PC's. Stand-alones will have limited use in CEA.

Hasrdware Avaiiability Barriers.

Although many states and districts are implementing computer technology as rapidly as is financially
feasible, there are still a large number of states, w. .tricts, and schools which have limited or no availability
of computers for use in computerized testing. Industry standards typically recommend that schools have
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a minimum of thirty-two computer workstations for a school of 500 students and sixty-four computer
workstations for a achool of 1,000 students. This standard may be too low. The hardware availability
barriers are further compounded for disadvantaged schools and districts unless they use the Federal
Chapter 1 and Chapter 2 monies to purchase computer hardware for curriculum and computerized testing
needs. '

Software Availahility Barriers.

There are only a small number of companies that currently provide professional computerized testing
software and computerized tests for achools. Thus, even if schools have th~ hardware available, it is
unlikely that they will have computerized testing software or computerized tests which they can administer
on their hardware. There is a need for the development of professional standards for import and export
of computerized testing software, item banks, and computerized tests.

As discussed above, the integrated learning system market is approaching one billion dollars, and has
provided a foundation for the evolution to integrated learning and assessment systems. In this
environment, it is probeble that computerized testing will make significant inroads by offering
computerized performance simulations for higher order thinking skills, tool software that assists in the
dwehpmutmdevﬂmﬁmofuudmtpmdtmmwpeforwhenmdstudmuwhtemm
instruction and assessment.

Many of the nation’s teachers and students have never taken a computer-administered measurement
instrument or used a computerized test development and administration system. Teachers and older
uudmhmrdmhmwembrwemedumﬁondwchndogiumtﬂtheyhawhadmmdeMperwml
experience with the technology. In generel, the younger the student, the less the fear of trying it.

%mhaverymﬂmupdedumﬁmﬂmmurementpmfuﬁomhwhommndmgrm
dwebphgemp&eﬁzedtuﬁngprodmh,mdpmpaﬁngmhmddimemhaﬁonpaperson
computerized testing. The ERIC Clearinghouse on Tests, Measurement, and Evaluation at the American
fomMmﬂmﬂbibﬁomplqnfenmmdedrmmhmmputeﬁndwg
and computerized adaptive testing. The Buros Institute of Mental Measurements, at the University of
Nebraskn,hudmaeomputeﬂzedtestingreviewmdinformaﬁonemhangemtem Still, there are very
fwed\mﬁondmmremmtmofe«donﬂgmdmfmedtmﬁomlprofeﬁomh(mundmu,
pﬂncipah,mnrhuhmperwmeLandwmhm)whoquuaintedwiththemeamhbase, computerized
testing demonstration systems, and sources for seeking further information. A

SUMMARY

Inaectionm,momevidemehasbeenpresentedmmpportthepolicyrecommendaﬁommadeinthe
last section. hparthﬂar,newtechnobgiummkingpoedbhmmhmmvaﬁetymdpotenﬁdcmt-
effectiveness in the administration of performance tasks and student exhibits. Group technologies and
portable systems will offer even more options. Holistic process measures, judged by teachers and students,
mnowpoodbleudngthehurmediatepmdm&omnpresmtaﬁonprmdngwﬁwewoh. In the
MmdkedprmmmmﬂbepoedbhduﬁngMdmtenmmtwi&mpumﬁzedmfomme
tasks and during tool use.

Such process measures can be used to integrate assessment with instruction in the unobtrusive and
continuous fashion recommended in this paper. Thesedevelopmentsinteehnoloypreaentanopportunity
meehthedkwﬁmofmwauementprwﬁeesmpabhofwghighuhvdedumﬁonﬂ
objectives. Computertechnologyprovidesthenewvaﬁableinthededsionlogicofhowtoachievethe
educational goals our country needs.

It is true that extensive R&D, and expensive and long-term Professional development of educators
isneeded, butthecurrentwenealreadyimludeabothperfommetasksandtooluseforatudentprojects.
'I‘herecommendaﬁonisnottowaityearafortheR&Dtobeoompleted, but to encourage many projects
and put each of them into a Formative Evaluation improvement loop. Progressive and evolutionary
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transformation of America’s educational systems can only come about through slow processes that build
from where we are now. Progressive transformation can only be accomplished by the professionals who
will use the new formative evaluation and individual assessment tools.
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JECTION IV: FINDINGS AND RECOMMENDATIONS

The findings are summarized in the Executive Summary, where they are organized around the stages
of technology diffusion: substitutive, incremental, and transformational. Another perspective on current
uses and trends in CEA is given by the following key findings:

1) Purposes of Assessment:

High-stakes assessment dominates in both individual assessment and program evaluation. Today’s
testing industry exists priv..sily to justify high-stakes decisions. Decision-makers want to assure their
clientele that their decisions are valid and fair, and are based on a dependable scientific standard. Thus
they are willing to pay for testing of individuals (or require individuals to pay for it themselves). They will
sometimes pay for summative evaluations, even though program evaluation takes a secondary position to
individual assessment.

2) Objectives of Assessment:

Despite the fact that educators universally desire the equivalent of integration, transfer, and creative
production objectives, acaffolding objectives dominate assessment practice. Easays and other student
projects are emphasized where more than lip service is paid to this desire. Another positive trend is to
use more extended problems in math and acience, much longer and more challenging than the short
standardized items, but class schedules interfere if problem engagement takes more than forty minutes.

The introduction of computerized educational assessment was found to offer fundamental hope for
changing these finding. In Section II, it was shown how curriculum developers lack a coherent set of
achievement constructs and ways of measuring them. In writing their objectives for a curriculum,
developers have depended on verbal objectives that lead to conventional test items. These do not take long
to administer, do not require expensive and time-consuming holistic assessment, and are familiar and
accepted. The print delivery system does not offer powerful and feasible ways to achieve objectives more
complex than scaffolding ohjectives. Networked computer workstation, however, can implement and
duemimusm&rdizedpufmmemmmﬁufwnudmtuhibiumdwﬁoﬁommt
They can enhance the practice of discussing and even measuring process during tool use. These
Wmﬁummydmmuhmmobjmwmwwm
creative production, and strategy improvement. In so doing, they also offer the possibility of achieving the
comtiveobjecﬁveaofinmest.motivaﬁon,andperuistenteﬁ‘ort.

3) Measurement Practices for Individuals:

o Standardized tests based on short items dominate. However, holistic scoring of student products

is gaining momentum, despite high costs. Raters must be traired, and common standards must
be set for multiple raters. '

o IntepaﬁwpmformmemkshavemkenamonghddinMﬂMrymdhdmh'hlhainingmd
assessment. CEA systems offer an attractive way to extend these benefits to schools.

o Tools to aid in producing student products offer new opportunities both to increase this form of
leamhg&ﬁvitymdeprmmthroughunob&udvemureamkendmwoluse.
Amentofmategiesispoedblewiththisnewmmmementpracﬁee.

4) Program Evaluation:

Summative evaluation predominates over formative, but it is recommended that this balance shift
the other way. FormﬁwEvdmﬁmhtypimllyleufavoreiperhapcbewmeithupenﬁvemdhbor
intensiveifdoneasaseparateactivity,andrequireaaeontimlingexpenditureofdevelopmentﬁmdstoact
on the results and make the improvements indicated. Learning progress assessment is used in some
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clasarooms, but is neither formalized as & process nor computerized to any extent. Most evaluations use
individual measures of achievement, summarizing and aggregating them at schoc, districts, state, and
national levels, It is recommended that direct measures of system performance be utilized more fully.
This is possible with integrated learning/assessnient systems and with group-based assessment systems.
In addition, long-term measures beyond immediate post-tests should be investigated; the results are often

5) CEA Adminisiration Alternatives:

0 Scannable answer sheets dominate, with all the back-up technologies these imply. Because of
the inherent strengths and probable continuing viability of answer sheet testing, it is vital to
extend assessment options by using a wider variety of item types, now possible using bubble
answer sheets, but underutilized. Many more item types are possible using higher resolution
scanners.

o Student exhibits are receiving increased emphasis, both as standardized and unstandardized
‘asks. The expertis2 of students in assessment of their own products and those of others
increases when portfolio methods are used.

o Educational workstations and special workstations in labs are becoming more widely available.
When connected to networks, these open up new possibilities for powerful forms of CEA all four
of the measurement methods.

o Portable response units and notebook computers offer the opportunity to put. the advantages
of educational workstations into the classroom. ,

o Computer graphics integrated with video and with active response offers new possibilities for
visualizing difficult concepts. Computer graphics based on scientific models has made it possible
to visualize for scientists, and in the future for students, paenomena from the very small to the
very large.

6) The Role of the Testing Industry in Introducing Computerized Educational Assessment.

Itmfmmdthngforanumbuofmtuﬁngmmpaniesmnmﬁkelywbethebmhrsh
introducing compnterized assessment or instruction integrated with assessment. Quite aside from the
mmhuopudhgmmetuﬁngmmm&pmhm&ondmmhmhhbdngjmﬁﬁedfm
instruction, with assessment as an afterthought. Thus it is more likely that companies and state
omm:aﬁomwmemdwithhsmwﬁmmdwﬁhmmgmmthemmhgiuwmpmidethe
leadership. Theseeompanieshnvepeophwhohmhamedthehuom&omCommter-mmgedmd
Computer-Assisted Instruction. They have instructional developers on their staffs who know how to

ommmmmwmmammmm,mmndmmmmay
mdeﬁdmtmmwmmtexperﬁn;m,hhbecommgawmpeﬁﬁveadvmhgewhnm\g .
measurement and assessment components and to integrate these well with instruction. Therefore, these
orpninﬂmswmﬁndmmundthehckofmmmementexperﬁse. People can be hired, but few hava
mmameMhMamm-m. Good people can be
developed over time. Tnﬁngeompaniumnyholppmvidethemmementexperﬁniftheyuewﬂling
to work with the instructional technology compenies as a new kind of client.

Iththedbnuofthemﬁngeommwhomunproﬁdethebademhiph%mputeﬁzed
EdlmtionalAuementiﬁtisweome&omﬂnteatinginfrutructmatan. Some of the old clients, in
partkuhddee&mﬁmagendeqmembeuhipomﬂuﬁommdeupofmhoohmdwﬂemmd
pmfedondeodeﬁumwenpodﬁonedmbeludmmmmpuwﬁzedmemengmdwenmeamem
integrated with learning and instruction. Whetherornottheseexistinguseuoftheserviceaoftesting
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companies step forward as leaders or not, a variety of new clients are emerging.

Testing companies and the measurement profession that stands behind them have been leaders in
develcping and promoting professional standards for test use. The new technology companies, including
ILS companies, software companies, and hardware companies are generally not familiar with these
standards, and may not be sympathetic with them. It will be a challenge for policy to see that high
standards are maintained and that the profit motive will not overwhelm attention to standards,
Maintaining high standards is not without its costs.-

7 The evolution of the new Infrastructure.

At the end of section II considerable attention was given to the current testing infrastructure and
the needed new one. This new infrastructure is distributed to schools and colleges as hardware installed
in classrocms and labe. This equipment will be useless unless the human capabilities are developed to use
it. It behooves the developers of new educational technologies to attend to the traditions, patterns, and
haﬁuofopaaﬁmdnhodsandwmhmﬂthqmtwdevdopamketthummmsﬂyappm
and understands their

The ILS companies have developed their products around the concept of individualized instruction -
- learning labs where the students work independently. Individualized instruction is alien in the main to
schools as they now operate. Extending ILAS concepts into classrcoms through group-paced, presenter-
controlled activities offers great promise for the future. The technologies of interactive computers for
disphymwojwhrswhrgemoﬁ%mdthehchmbgiudpw&bhhdivﬁuﬂruponnunium
aaturally suited for the introduction of ILAS concepts into classrooms. The goal of better learning and
instruction through integrated, unobtrusive, and helpful assessment into classrooms is worth the effort it
will take. '

THE ARGUMENT OF THIS PAPER IN A NUTSHELL

A shift has occurred in the purposes of testing. Selection and judging are not the central problems
for educational measurement any more. Improving achievement and progress for a demographically
divmnudentpopuhﬁommmdardsmhievedbymbafwmw,mmtheeen&dpro

Munmentrehmtothisneedwenhamebamingpmpeuhaﬁmdamentalway. Achievement
constructs are needed, and associated standards of excellence that go beyond the simplistic minimum
competencies that are current in so-called reform efforts.

Mmmmtandmemmmﬁmdamenmwanmmﬁommdpmfesdombemuedadﬁm
mkhghﬁmdnmmhlhaﬂ.mddeddon-mhngdependsmunﬁﬁvejudmmﬂbaudmappmprhu
and accurate information.

Improvements in educational measurement practice continue to be vital because it is essential to
know what to measure and how to measure each important construct. A generally acceptable set of
mhievmwmmmﬁthnuoduedmmmmmtmthﬁnﬁwﬁvefmmchtypedmbiwmemm
to be developed. Table 8 is a simple model for this concept. Good measurement practice also requires a
way to manage the measurements and other data. Mainframe Computers have been used in this task in
the past. Decentralized computers in classrooms and labs will be used in the future. Good measurement
pnctioereqdresinaddiﬁonamtokaepthemeammuptodate. Systems that perform all of these
ﬁmﬁommprmtlymﬂedhtegﬂedhamhgsm(ﬂﬁ,bmtheymwmkmmmwmg»

T

80 on management, and getting stronger on instruction. They provide the framework for introducing and

uﬁnggoodmmeqandwhmthqdqtheywﬂdmmapmopﬁaklybemﬂedhhmﬁdlmmhgmd
Assessment Systems (ILAS).
Gwdmm&mhteshthemﬁm’amedwenhamehummgprogminaﬁmdamentdway.
Thehid:-hvdobjwﬁvuMmqudmﬂoldnghoﬂedgemﬁynquﬁenmiﬁveh&rmhﬁm
dnudeMpufmmandwodm-mdofthemmmvohedMemthhopafmthe
assessments are the teachers and the more advanced students. No outside agency, human or machine,
can do it. These people require a clear conception of the standards of excellence. Teachers need to keep
improving their ability to relate student performances and products to these standards. They also need
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to keep improving their ability to provide instruction, hints, and belps that will enable all students with
the desire {o learn to achieve, Assessment also involves wise decision-making, including decisions about
how to guide students into paths that will promote learning progress. In short, good assessment practice
involves both knowing how to interpret data in context with other information and knowing how to use
the interpretations in day-to-day educational decision making.

In contrast to measurement as practiced in some other occupations, educational measurement plays
a peculiar and ekewed role. There is a lack of consensus on what should be measured, a lack of
measurement instrumentation (except not fully appropriate printed instruments), and a lack of an
infrastrwiture for obtaining the appropriate meesures and keeping them up-to-date. Educational
measurvanents are skewed toward measurement for High-Stakes decisions imposed on the teachers and/or

Computer systems can integrate administration of measurement instruments, presentation of
instructional materials, record-keeping, and management of records and of instructional activities.
Computers interact, so they can provide optional advice and help from moment to moment, not just at
formal workshop inservice sessions. This can provide a new kind of growth - :vironmeat for classrooms
and learning labs. The growth environment is important for teachers as professional instructors and
assessors, and for students as future contributors and assessors. The introduction of appropriately
configured computer systems is the most promising way now visible for providing this new environment
for productive learning, teaching, and growth for all people in the system.

Top-down implementation models that do not involve the teachers, other educators, and students in
a process of slow growth will probably not work. Even if the perfect Integrated Learning and Assessment
SyﬂmwmﬁﬂbdwebpedMq,meMberejeﬂedbymuﬂwtheywmabhwdevdopthek
own roles. Therefore, it is better to start where the users are now, and introduce formative evaluation
methods, enlisting the aid of the users to improve the systems over subsequent generations based on
formative evaluation data. Farmativeevaluationthen.ismorethanabettermethodofprogram
evaluation; it is a fundamental aspect of implementation strategy.

RECOMMENDATIONS
Recommendations Dealing With the Purposes and Methods for Testing in the Schools

mwmmm&mmmdmmmwm

stakes asscomments, but balance the two,

11 %roughrmrchanddevebpmemﬁmdingmdpolﬁ:ymppremomagethedwdopmntof
mgh-Mkummwuthntmnbehmudmdmehudinﬁmntelywiththecwﬁmhata
fwkqmﬂmnumdthatmmmmmhtegmtedmdcompmhendveachiwemtobjecﬁves
than the scaffolding objectives now common. -

12 Redwethemofihmteshandothermﬁoﬁhglml&sbfmhuemtdpadhgpmm
and shift the burden, both of grading students and holc'ing teachers accountable to these more
mremllydevdopeimmintepateimdleummwlywmtnmdhigh-smkmmm

13 iﬁportreaearch. development, and implementation of help systems that integrate measurement

14 Provide training for both teachers and students in holistic sssessment of standardized

performance tasks and student exhibits and of the intermediate products and processes leading
up to these final producta.

wmmmmammmmmm

heunﬁvutomstheenhnﬁm&formmwaedlnﬁomlm

2.1 Emmnagenswchmddwehpmmtmdirectmmmuofuystemuﬁﬁzaﬁmandperfomme,
uwenummmofstudmtmhiwement.dwmmethodsforsummﬁzingtheummureq

with attention to student privacy issues, for the use of developers in revising and improving
curricula and assessment materials.

22 Make summative and formative evaluatioﬁ continuing processes rather than special projects,
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23

while utilizing the careful’y developed high-stakes measures proposed in Recommendation 1.1
for continuing summative decision-making.
Since summative decisions are of the go/no-go variety, and do not contribute to improvement,
administrators should be encouraged to provide resources to improve based on formative
evaluation.
Withthuhrhhngwmhufmeprojwtedomthenutdmde,inumdmoﬁwhmbgy
may be the only cost-effective way to impletient new learning-oriented approaches to education.
But new systems must be ins’alled and impr.oved over time as the teaching force learns new
reles and new technical skills,

Recomunendation Three: Increase the Use of Alternate Methods of Assessment That Require Human
Judgment '

31

3.3

34

3.5

3.6

3.7

Support research, development, and implementation which places more emphasis on
mmmemtmethodnofpaformametashuﬁbitgmdprmmmumduﬁngtwluse,md
thus raore teaching and learning of the higher-order constructs of integration, creative
production and strategies.

lwwathemﬁetyofitemtypeafmtheiwmteauthatmmmemﬂ'oldingknowhdge. This
kind of knowledge can conveniently be measured by verbal multiple choice or short-answer
items.buttheremmwnewitemtypeathatmnbedeﬁveredonbothpaperandpendland
computer that should be further developed and used.

Encourage the development and use of standardized performance tasks, such as simulations of
complex and realistic situations, games, and tool-like laboratory environments that allow students
to make choices and decisions and observe the realistic consequences. Utilize these
computerized performance tasks to assess integrated performance objectives.

Suppoﬂresumhmddmbpmentleadingtoaummatedwoﬁngmhemestorwmputeﬁzed
pert'ormaneetuh.butinthemeantimeencom'agetheuseofholisticscoringtechniquesonthe
part of both students and teachers,

assessment integrated with instruction. These methods include portfolic management
promdmumquukethatﬁudmhandtmchenbehughthdh&mrhgmthodsfwm
performances, student-generated experiments, eic. Use these measurement methods as part
of assessment of creative production objectives. '

Encourage the development of measurement methods that assess intermediate products
students develop by hotistic methods. This recommendation applies both to performance tasks
and exhibits, and emphasizes process measures. Use these methods to assess strategy
improvement objectives,

Support the development of automated computer scoring of process measures during student
unofmmputertoohlikemrdprweasors,spmdsheets,orpresenmﬁonpachm Investigate
reoordingatudmtmponmwhiletheymusingeomputer tools, and develop software: to
provide hints and helps on strategy at the moment of need.

RemmxhﬁonanFodunewitemtypuuﬂmesofpoﬂubhmmuﬁnhadetouﬁﬁm
themmtesﬁnghﬁuhnchmmeumﬁveb.

4.1

Pr side and encourage R&D fi ‘ing and seek to install policy-based incentives for organizations
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that perform testing to encourage them to introduce new item types beyond multiple choice.
New item types should offer new methods for obtaining student responses on answer sheets,
using high resolution scanners and other technologies.

42 Encourage the development of assessments integrated with instruction that utilize the new
answer sheet item types and use them for practice and feedback in connection both with group
presentations and with individual seatwork.

Recommendation Five: Encourage the development of the new, localized infrastructure of Integrated
Learning and Asseasment Systems, and the coordinated evobstion of central sites for development
and for R&D.

5.1 Encourage the further development and implementation of computer-based approaches to
integrating learning and assessment. Encourage many approaches rather than one kind of
concept and product.

5.2 Encourage the evolution of what might be called an ILAS industry through funding R&D
centers, regional Iabs, non-profit organizations, state agencies, and other organizations to develop
integrated instructional and assessment materials, and to conduct research and development.

5.3 Support research, development, and implementation for group-oriented systems that integrate
instruction and assessment. Needed technology includes projectors and software for teachers
to presept excellent instructional materials with integrated group-paced assessments. The
display capabilities should include color, graphics, video, and audio. The student response entry
technology that needs to be developed includes response pads, infra-red linkages, and student-
oriented portable computers.

Recommendation Six: Encourage the profeasional development of teachers and other professionals
who are knowledgeahle and skilled ahout both the human judgment and the echnical aspects of CEA,
and are skilled at integrating assessment with instructios.

6.1 State agencies, achool districts, and professional associations should encourage conferences,
publications, and program development activity to effect this recommendation.

6.2 Provide incentives for colleges of education to introduce new programs for the development of
professionals who can provide skilled holistic assessment and who can integrate assessment with
instruction.

6.3 Support rerearch end development which will lead to "built-in" computerized consultants and
advisors inlo integrated learning and assessment systems to provide a coutinuous professional
growth program for teachers who are users of the systems. The consultation and advice will

occur at the moment of need during the school day, not limited to summers, released time or
weekend workshops

Policy Recommendations:

Recommendation Sevin: Federal and state policy should both provide R&D funds and stimulate
mmWhMWmm
EﬂecﬁwpoﬁcythatfommmsﬁmuhﬁngR&Dmdhnmﬁveprodmtdavelopmenth
recommended to update enhanced high stakes assessment options, also to stimulate the creation of
the high quality help systems proposed in this paper. These types of measurement systems can no

longer be left up to the teachers to develop in their spare time. The types of research and
development are detailed in Recommendations One through Six.
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standesvds for C2A systems.

Computerized testing requires faithful adherence to the established professional standards for
test construction and evaluation, standards for test use, and standards for administrative procedure.
These standards have been codified in the following professional references: Standards for
Educational and Psychological Testing, Guidelines f+r Computer-Based Tests and Interpretations,
Code of Fair Testing Practices in Education, and Technical Guidelines for Assessing Computerized
Adaptive Tests.

Professional assessment standards require careful focus on technical issues of test validity, test
reliability and errors of measurement, scaling, norming and equating of computerized tests as well
as issues related to computerized test administration, scoring and reporting, and protecting the rights
of test takers. The purpose of the standards is to provide detailed criteria for the evaluation of tests,
testing practices and effects of test use. Standards help to ensure that test developers and
ammmmfmmmw“ﬂdity.mwabmmeqmty,emmmmmﬁaﬁw
of scores,

The advent of Learning Progress help systems may require modification of these standards. For
example, reliability is vital in a high-stakes admissions test, and must be bought at a price - more
items and more testing time. Admissions is a high-stakes decision, but whether to take a iearning
module or not is a low-stakes decision that can easily be corrected if a decision didn’t work. It is not
worth the time and cost of the high-stakes standard for reliability. By contrast, construct validity -
whatianallybeingmeasmdandleamcd-iaofutmosthnportanceinbothkindsofsystema.

8.1 Policy should maintain a continuing emphasis on Equity in evaluating CEA systems. The intent
hwwoﬁdeeqmntyofedtmﬁondopwnunityfwdimdvmmgedmummwnuadmhged
groups. chamomadvantnged'disuictamdachwhpmthmeandhnplementcomputeﬁzed
testing technology, while the disadvantaged districts and schools do not, then there will be an
inherent inequality of educational opportunity. When economically advantaged students have
greater access to computerized technology in their homes than economically disadvantaged
children, then there will be some level of inequality of educational opportunity.

8.2 Polkyahouldemphnﬁze&kneuimmhthedmbpmeMmdhnphmenmﬁmofCEAmm
Thewdeoffakmﬁngpracthuhedmﬁmmdwdopedtoufemmrdﬂmﬁghuoﬁeat
takers. Witheunmteﬁ:edteﬂqthehtentofthefairtutingprwﬁeuhwprwideafmmd
approyrhtetedfmemhenmineewhethuthemhadmhisuredbymptuawbypaper
and pencil This translates into support for studies of item or test performance differences for
aparﬁcuhrﬁndofhdfwmembuaofage.ethnk,mﬂtmdormd«gmupahthemﬂaﬁm
of test takers. Smhreseamhnhouldbededgnedtodetectmdeﬁminateupectaofteatdeaign,
content, or format that might bias test scores for particular groups.

8.3 Supportatudiesthatmmestaﬁsticanythnttwommamlesmequivalent (equating studies)
inordertoestabliaht.hedegreeofeomparabilityofseomﬁ'omcomputerizedtestsandpaper-
administered tests when both forms are administered to the same population.

IN CONCLUSION

Ameriea’sneedsarepeat,butAmericaningenuityhaabeenatworkover-timeeooomeupwith

provide support for presentation, assessment, records management, and practice.
Thcreismmhworktobedoneintheareasofacieme,technology.' building, and
support as educators’ roles evolve. America has met challenges before, and can and will meet this one.
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